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D scription 

1 . Technical Field 

5 [0001 ] The present Invention relates to a solid electrolyte type fuel cell (hereinafter sometimes referred to as SOFC) 
having high power generating performance and durability. 

2. Background art 

'jo [0002] A solid electrolyte type fuel cell comprises an air electrode, a solid electrolyte film, a fuel electrode and an 
interconnector. In the following, the respective prior art techniques are explained,- 

[0003] First, with regard to an air electrode, prior art is explained by referring to an air electrode or an air electrode 
supporting tube of a solid electrolyte type fuel cell of a cylindrical cell type as an example. Solid electrolyte type fuel 
ceils are disclosed in Japanese Patent publication number Kpkoku Hei:1 -59705, etc. The solid electrolyte type fuel cell 

i5 has a cylindrical cell constituted by a porous supporting tube-an air electrode-a solid electrolyte-a fuel cell-an intercon- 
nector When oxygen (air) is flown to the air electrode side and a fuel gas (H 2 , CO, etc.) is flown to the fuel electrode 
sioc. is moved in the cell to cause a chemical burning whereby potential difference between the air electrode and 
the fuel electrode occurs to cause power generation. There is a system in which the air electrode also has a function of 
a supoonmg tube (an air electrode supporting tube). " 

po [0004] As a rraterial for an air electrode of a solid electrolyte type fuei cell, a perovskite type oxide ceramics has 
twen prrpo<u>o such as LaMn0 3 in Japanese Patent publication number Kokoku Hei:1 -59705, and l_a 1 _ x Sr x Mn0 3 in '■ 
Japans* Patent publication number Kokai Hei:2-288159. Also, in P roc. of the 3rd Int. Symp. on SOFC, 1 993, 
La- vx 3r 0 U iMnO :> has been introduced as an air electrode. 

[0C05] A sure ot an air electrode supporting tube is generally an outer diameter of 1 0 to 20 mm, a thickness of 1 to 
25 2 mm and a tengtti of 1 to 2 m. For producing such a long ceramics formed product, an extrusion forming method has 
genera ity been used 

[0006] for producing such a long ceramics sintered body a bend to the lateral direction becomes a problem. As a 
method of decreasing a bend of a long sintered body, a hanging sintering is carried out. The hanging sintering is to carry 
out the sintering tn the state that a material to be sintered is hanged to the longitudinal direction. A tensile stress by 

30 weight of the material to be sintered itself is affected to the sintered material so that a correcting force is applied to the 
sintered oody whereby a sintered body with a little bend can be obtained. - 
[0007] In Japanese Patent publication number Kokoku Hei: 6-1 01 13, with regard to a production process of a long 
sintered body, there is disclosed a technique in which a ceramics long body is subjected to lateral sintering at a temper- 
ature not less than a shrinkage starting temperature of said ceramics material, and then, subjecting to hanging sintering 

35 at a temperature not less than the lateral sintering temperature. According to said publication, it is described that a rod 
of ZrO ? with a 'ength of 1 .1 m and a diameter of 20 mm is sintered at a lateral sintering temperature between 1 300 to 
1450X and a hanging sintering temperature of 1450°C so that a good result can be obtained. 

[0008] in Lao yoSfaioMnOa which is representative as an air electrode composition, there are cases where gas per- 
meability is insufficient so that high power generating performance cannot be obtained. On the contrary, when gas per- 
40 meability is heightened to improve power generating performance, strength is lowered so that a cell is broken during 
power generation or a cell is broken during preparation thereof. 

[0009] As a preparation method of a perovskite type oxide, a method of repeating pulverization - pressurizing - heat 
treatment is disclosed in Japanese Patent publication number Kokai Hei:7-6769. As a pulverizing method of ceramics 
powder, an impact type pulverizer, a stream type pulverizer.a ball mill, etc. has been used, and the impact type pulver- 

45 izer has been used in many cases in the point of easiness in operation. 

[0010] In the case of the present method, a metal material containing Fe as a main component has been used as 
a material for a pulverization blade or a pulverization room. Thus, when the above-mentioned pulverization is repeated 
by using, for example, stainless as a material of the pulverization blade or the pulverization room, 0.5 to 1.0w% or so of • 
Fe component is migrated in the synthesized lanthanum manganite powder. Experiments were carried out with regard 

so to a Fe content in the lanthanum manganite and power generating performance of a cell, and as a result, itwas found 
that the Fe component in the lanthanum manganite markedly affects to the power generating performance of the cell 
and the Fe component with 0.5 wt% or more markedly lowers the power generating performance of the cell: '■ - ; - 

[001 1] In a material other than the long sintered body comprising a material or having a size specifically mentioned 
as an object in the above-mentioned Japanese Patent publication number Kokoku Hei:6-101 13, if a temperature of a 

55 lateral sintering before a hanging sintering is lowered, sintering at the lateral sintering does not proceed sufficiently so 
that high temperature strength is insufficient whereby there is a fear of dropping the sintered body by breaking the sin- 
tered body;due to itself weight in many cases in a subsequent hanging sintering. For example, a shrinkage starting tern- 
p rature of the lanthanum manganite is 1000°C. When a sintered body subjected to lateral sintering within the range of 
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1000 to 1350°C is to be subjected to hanging sintering at a temperature exceeding 1350°C, there is an extremely high 
risk of dropping the material. In a solid electrolyte type fuel cell, it is preferred that a roundness of an air electrode sup- 
porting tube is 97% or more to decrease contact resistance when the cell is stacked. When the lateral sintering temper- 
ature is raised, the roundness is lowered so that it is difficult to use as an air electrode supporting tube for a solid 
5 electrolyte type fuel ce!!. 

[0012] Prior art of a solid electrolytic film is explained. In SOFC, solid electrolyte thin films having permeability of 
oxygen ions (O 2 ") and impermeability of gas are required. These solid electrolyte thin films (Zr0 2 base, Ce0 2 base, and 
such) are required to be thin and tight to achieve these characteristics. 

[0013] In addition, they are required to be economically formed into large sized thin films. For the cell of SOFC for 
io power generation, in general, a solid electrolytic film having a thickness of 30 to 2000 ujti is formed on a porous sub- 
strate having a thickness of 0.3 to 5.0 mm. Further, over the solid electrolyte thin film, a fuel electrode (made of Ni base 
ueimeis, and such materials) is formed. 

T00141 For SOFC cftii. in ord<?r to obtain solid electrolyte thin films which are thin and tight and st the sams tims, 
low in production cost and excellent in mass productivity as a goal, the following have been proposed in the past. 

15 

Production Method by CVD.EVD (Chemical Electrical vapor deposition) (Japanese Patent publication number Kokai 
Sho: 61-91880): 

[001 5] This production method is characterized in that the first electrode is adhered onto a porous support member, 
20 an intermediate layer substance with electrical conductivity and oxygen permeability is adhered onto the first electrode 
to protect the first electrode from a high temperature vapor of metal halides, and the intermediate layer substance is 
contacted with a high temperature vapor of metal halide to form a solid electrolyte composed of metal oxides on the 
whole surface of the intermediate layer. 

25 Production Method by Plasma Spray Coatings (Japanese Patent publication number Kokai Sho: 61-198570): . 

[0016] This production method is characterized in that solid electrolyte starting materials comprising zirconium 
oxides and metal oxides of rare earth elements and the like are formed into a solid solution. Then, the starting material 
in the form of a solid solution are crushed, and the grain size of the obtained solid electrolyte powder is regulated, and 
30 then the powder is coated as an electrolyte film on a fuel cell substrate by plasma spray coating. According to an exam- 
ple described in the published specification, a solid electrolyte thin film having a thickness of 200 u.m and terminal volt- 
age of 790 mV is obtained by using plasma spray powder having a grain size of 2 fim or less. „ 

Production Method by Slurry Coating (Japanese Patent publication number Kokai Hei:1 -93065) c 

35 v 

[0017] This production process is characterized in that either one of the air electrode layer or the fuel electrode layer 
is formed into a cylindrical shape. A powder slurry of each material for forming the electrolyte and the other electrode 
layer is coated on the surface of the cylinder one by one and dried, and then the cylinder is sintered. According to an 
example of the published specification, an YSZ thin film having a thickness of 150 u,m is obtained. 

Production Method by Plasma Spray Coating and Filler Slurry Coating (Japanese Patent publication number Kokai 
Hei:2-220361) 

[0018] This production method is characterized in that a filler material containing 40 wt % or more as solids con- 
45 centration of yttrium stabilized zirconia is coated on voids of a solid electrolyte layer formed on the substrate cylinder by 
spraying, and then the tube is dried and sintered. According to an example described in the published specification, a 
slurry containing YSZ powders with a grain size of 0.05 to 2.5 ujti is coated (brush hand coating) on an air plasma spray 
coated film having a thickness of 1 00 jim, and then the film is dried and sintered. Finally, a solid ^electrolyte thin film with 
very low gas permeability is obtained. 
so [0019] The aforesaid conventionally proposed techniques involve the following problems... 

CVD Method, EVD Method: 

[0020] These methods are appropriate for forming tight thin films. However, they require expensive equipment since 
55 film forming should be carried out under a special atmosphere. and a physical condition isolated from the air. For large 
sized parts, large sized equipment is naturally required v to accommodate the parts. Accordingly, film coating onto large 
parts is difficult as well as low in productivity and high in cost;: Also, a corrosive starting gas is used so that there is a 
high risk that the substrate is corroded. ; : /r , .,: ■ 0 :: .- ■., ■ ^ 
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Plasma Spray Coating Method: 

[0021] The films obtained by this method is fundamentally porous. Therefore, the film should be made relatively 
thick to eliminate gas permeability. Thus, high performance cell cannot be obtained. Also, its mass productivity is low. 

5 - 

Slurry Coating Method: 

[0022] This method is an economical method since film formation is carried out in the air and expensive equipment 
is not necessary. This method, however, has been found to have problems in tightness and thickness of the film. Prac- 

w tically, and the solid electrolyte thin film disclosed as an example in the Japanese Patent publication number Kokai 
Hei:2-220361 has a thickness of 200 jxm, which is considerably thicker than the target thickness of 1 0 to 50 |xm for this 
kind of films. Also, sintering crack of the film was likely caused so that a plural times of sintering were required for obtain- 
ing a tight material while filling the crack. To solve such a problem and to increase sintering property of the film material, 
raising of the sintering temperature or finely pulverizing of slurry powder has been investigated. However, with regard 

15 to the former, a reaction between the substrate and the solid electrolyte becomes a problem, and in the latter, there is 
a difficulty in mass production of fine powder having a grain size of 0.1 urn or less. 

Plasma Spray Coating and Slurry Filling Method: 

20 [0023] . This method requires two-step work, and moreover the film thickness tends to be thicker. 

[0024] Prior art technique of a fuel electrode is to be explained. As a material for the fuel electrode of SOFC, a sin- 
tered layer of a composite powder in which NiO and Y2.0 3 -stabilized Zr0 2 (YSZ) are mixed and composited (Japanese 
Patent publication number Kokai Sho:61-1 53280, Japanese Patent publication number Kokai Sho:61-193570, etc.) has 
been mainly used. Incidentally, Nip in the sintered layer is reduced to Ni during operation of SOFC and said layer 

25 becomes a cermet film of Ni/YSZ. . , 

[0025] As a production method of starting powder for Ni/YSZ cermet, there has been generally employed a method 
(a solid mixing method) in which NiO powder and YSZ powder are mixed both in solid states, and then, the temperature 
is elevated (calcination) to slightly sinter the material whereby it is composited. As a mixing method, there has been 
known a method of using a ball mill or a method by mechano-chemical mechanical mixing. 

30 [0026] ; The nickel base/zirconium base powder which has been obtained by the above-mentioned prior art tech- 
niques had a structure in which Ni grains or NiO grains and YSZ grains as electrolyte material had been simply dis- 
persed after all. In the state in which Ni grains and YSZ grains having sole grain size are dispersed, under operating 
conditions of SOFC (1 000°C, reduction), fine cracks occur on the surface of the fuel electrode due to reduction to break 
off a conductive pass which causes lowering in conductivity whereby lowering in output occurs. 

35 [0027] Prior art technique of an interconnector is to be explained. For the interconnector of SOFC, the following 
characteristics are required. - 

[0028] To have a high electric conductivity. A role of the interconnector is to have an electrical connection between 
unit cells of SOFC so that it is the most fundamental required matter. If the electric conductivity is low, self-consumption 
of a power in the interconnector becomes large so that power generation performance of the cell is lowered. The electric 

40 conductivity is required to be 10 S • cm" 1 or more (more preferably 40 S • cm" 1 or more) at the film-formed state. 

[0029] * To have a low gas permeability. At the both surfaces of the interconnector, a fuel gas (H 2 , CO, etc.) and an 
oxidizing agent (air, etc.) flow, but if they are mixed through the interconnector power generation performance of the 
cell is lowered. The gas permeability is required to be 0.01 (m • hr 1 • atrrf 1 ) or less (more preferably 0.0001 (m • hr" 
1 • atm" 1 ) or less). 

as [0030] To have durability to both of oxidation and reduction. 

[0031] To have a thermal, expansion coefficient close to that of constitutional materials of the other cells such as 
YSZ (yttri a stabilized zircon ia). . . - l .. . 

[0032] • To have low reactivity to ah air electrode materia! such as LaSrMn0 3 , LaCaMnOg, etc., and YSZ. - 
[0033] To have a form ability into thin film. Through the interconnector, a current flows to the thickness direction so 

50 that a thin material has a less resistance. It is required to have a film thickness of 200" u.m or less. ■ ; 

[0034] Heretofore, as can be seen in Japanese Patent publication number Kokai Sho:61 -153280, as a production 
process of an interconnector film of a cylindrical cell type-solid electrolyte. type fuel cell, when those shown in said pub L 
lication and carried out by the CVD • EVD method: are described in detail, they are as follows: < . = r. 

[0035] In this method; a first reacting agent containing an oxygen source transmits through fine pore portion, in a < 

55 substrate material, and reacts with a halogenated metal gas at the other side of the substrate to form a film of metal 
oxide on the substrate. Accompanying with growth of the metal oxide which is a reaction product on the substrate, 
. according to chemical vapor. deposition (CVD), the reaction product closely shut out a plural number of fine pore por-- 
tions in the substrate. Transfer of oxygen through, an oxide layer-in the course of growth from the oxygen source occurs 
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so that the coated film is grown by the electrochemical vapor deposition (EVD). 

[0036] Heretofore, as a collecting method of an interconnector comprising lanthanum chromite, electricity genera- 
tion tests were carried out by directly connecting the lanthanum chromite and the collecting member. 
[0037] In Japanese Patent publication number Kokai Hei:4-282566, as a structure of an interconnector, it is 

5 described that an antioxidative ceramics layer and a reduction-resistant metal layer are to be preferred. 

[0038] In the conventional CVD • EVD method, it is suitable for forming a tight film having good adhesiveness. How- 
ever, film formation should be carried out under a specific atmosphere and a physical condition isolated from the air so 
that an expensive device is required. For large sized parts, large sized equipment is naturally required to accommodate 
the parts. Accordingly, film coating onto large parts is difficult as well as low in productivity arid high in cost. Also, in CVD- 

w * EVD, a composition of a material of the film to be formed is limited. 

[0039] When electricity collection is carried out by contacting a lanthanum chromite membrane and a collecting 
member, contact resistance with the coiiecting member becomes large, and an output loss accompanied with joule heat 
loss is large whsrehv hinh output cannot b€? obtained.. 

[0040] In Japanese Patent publication number Kokai Hei: 4-282566, as a structure of an interconnector, it com- 
15 prises an oxidation resistant ceramics layer and an reduction resistant metal layer. When the interconnector film having 
this structure is to be used in SOFC, sintering under oxidative atmosphere is difficult in order to form a metal layer so 
that preparation by the usual wet method is difficult and the production method limited to the CVD method or the plasma 
spray coating method. It is possible to prepare the interconnector film according to these methods, but as mentioned 
above, productivity is low and a cost is high so that they are not practical methods. Also, preparation of a metal layer is 
20 possible even when a plating method is used, but this method requires a number of steps so that a cost is high whereby 
it is not practical. 

[0041] A first object of the present invention is to provide an air electrode having high power generation perform- 
ance and excellent in durability. ' 

[0042] A second object of the present invention is to provide a formation of a tight solid electrolyte film excellent in 
25 economicity, mass productivity, easily capable of applying to a large surface area, low resistance and a uniform thin-film 
within the range of 5 to 150 ujn. ~>r 
[0043] A third object of the present invention is to provide a production of a nickel base/zirconium base complex 
powder as a fuel electrode material, which can inhibit aggregation of Ni in a long term operation, and a fuel electrode 
film. 

30 [0044] A fourth object of the present invention is, in the preparation of an interconnector film on an air electrode sub- 
strate, to prepare a tight interconnector film by a wet method by providing a tight ceramics film (hereinafter referred to 
as a ceramics intermediate layer) with a certain extent between the air electrode substrate and the interconnector film, 
and further to provide a method for preparing an interconnector film which can decrease an output-loss accompanied 
with contact resistance with a collecting material at power generation and can attain high output of a cell by providing a 

35 nickel oxide film at a reductive atmosphere side of the interconnector film. 

3. Disclosure of the invention 

[0045] As the first aspect of the present invention, an air electrode for a solid electrolyte type fuel cell comprises an 
40 air electrode supporting tube also serving also as a supporting tube, and having radial crushing strength of 15 MPs or 
more and a gas permeation coefficient of 3.5 m 2 *hr' 1 • atm" 1 or more. More preferably, it has the radial crushing 
strength of 20 MPa or more and the gas permeation coefficient of 3.5 m 2 * hr" 1 • atm" 1 or more. 

[0046] Further preferably, it has the radial crushing strength of 20 MPa or more and the gas permeation cocifficient 
of 5.0 m 2 • hr* 1 • atm" 1 or more. 

45 [0047] The air electrode supporting tube having the above characteristics has a composition of (Ln Vx Sr x ) Va Mn03, 
wherein 0.14^x^0.26, 0<a^;0.03, Ln=at least one of La, Ce, Nd, Pr and Srn. Or else, it has a composition of (Ln-j„ x Ca x )i. 
a Mn0 3 , wherein 0.20^xs0.35, 0<as0.03, Ln=at least one of La, Ce, Nd, Pr and Sm. More preferably, it has a compo- 
sition of (Ln 1 . x Sr x ) 1 . a Mn0 3 , wherein 0.16^x^0.21, 0<a^0.03, Ln=at least one of La, Ce, Nd, Pr and Sm. Or it has a 
composition of (Ln 1 . x Ca x ) 1 . a Mn0 3 , wherein 0.25sxs0.30, 0<a^0/03, Ln=at least one of La, Ce, Nd, Pr and Sm. 

50 [0048] • As a production method, in the composition of (Ln 1 _ x .Sr x ) 1 _ a Mn0 3 , wherein 0.16sx^0.21, 0<a^0.03, Ln=at 
least one of La, Ce, Nd, Pr and Sm, or in the composition of (Ln Vx Ca x ) 1 . a Mn0 3> . wherein. 0.25^x^0.30, 0<a^0.03 ; 
Ln=at least one of La, Ce, Nd, Pr and Sm, the process comprises the steps of adding, to the above-mentioned ceramics 
powder (coarse powder) having a grain size distribution, within the range of 10 to 150 ujm, or within the range of 10 to 
200 nm, ceramics powder (fine powder) having a.finergrain size distribution than the above-mentioned coarse powder 

55 to prepare mixed powder of coarse powder and fine powder, forming and sintering the mixed powder of coarse powder 
and fine powder. . . ; ■ 

[0049] Also, lanthanum manganite powder to be used. as a starting material has a relative density of 97% or more. 
More preferably, lanthanum manganite powder has a. re!ative : density of 98% or more. ;* --r 
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[0050] In the above-mentioned air electrode supporting tube, it comprises an Fe content of 0.01 wt% or more to 0.5 
wt% or less. More preferably, it comprises an Fe content of 0.01 wt% or more to 0.4 wt% or less. 
[0051] In a sintering method of the above-mentioned air electrode support, it contains a step of sintering a long sin- 
tering body in the state in which it is substantially free from tensile stress to the longitudinal direction (lateral sintering 

5 step) and a step of sintering the long sintering body in the state in which it is hanged to the longitudinal direction after 
lateral sintering (hanging sintering step), wherein a sintering temperature of the lateral sintering step is set at 1400°C 
or higher and a sintering temperature at the hanging sintering step is made higher than that of the lateral sintering step. 
[0052] . That is, after sintering the material at a sufficiently high sintering temperature in the lateral sintering step, the 
hanging sintering is carried out at a temperature higher than that of the lateral sintering temperature. The state of the 

io sintering body during the lateral sintering is basically placed horizontally, but when a tensile stress which causes a prob- 
lem is not applied to the material, it is not limited to the above. 

[0053] In the air electrode support for a solid electrolyte type fuel cell of the present invention, in order to ensure 
high cell output characteristics of 0.2 W/cm 2 or more, it is preferable that a gas permeation coefficient is 3.5 m 2 • hr 
1 • atm" 1 or more. In order to. ensure high cell output characteristics of 0.3 W/cm 2 or more, it is preferable that a gas per- 
rj meation coefficient is 5:0 m 2 • hr" 1 * atm: 1 or more. - 

[0054] . Also, to improve a preparation yield in a cell preparation step and to prevent from breakage of a cell during 
power generation, radial crushing strength of an air electrode support is preferably 15 MPa or more, more preferably 20 
MPa or more. 

[0055] In the air electrode support for a solid electrolyte type fuel cell of the present invention, it preferably has a 

20 composition of (L^ : x Sr x ) 1 . a M n0 3 , wherein 0.1 4=sx:s0. 26, 0<a=s0.03, Ln=at least one of La, Ce, Nd, Prand Sm. Or else, 
it preferably has a composition of (Ln 1 . x Ca x ) 1 . a Mn0 3 , wherein 0.20^x^0.35, 0<as0.03, Ln=at least one of La, Ge, Nd, • 
Pr and Sm. This is because if a-Sr doped amount is less than 0.14-or exceeds 0.26, or a Ca doped amount is less than 
0.20 or exceeds 0.35, it is difficult to simultaneously ensure both of a gas permeation coefficient of 3.5 m 2 • hr" 1 * atm" 1 
or more and radial crushing strength of 1 5 MPa or more. If a exceeds 0.03, it is difficult to ensure a gas permeation cpef- 

25 ficient of 3.5 m 2 • hr" 1 ♦ atm" 1 or more. ; , 

[0056] Also, it is more preferable to have a composition of (LnLxSr^.aMnO^ wherein 0.16^x^0.21 r0<as0.03, 
Ln=at least one of La, Ce, Nd;- Pr and Sm or a composition of (Ln 1 . x Ca x ) 1 _ a Mn0 3 , wherein 0.25^x^0.30, 0<a^0.03, 
Ln=at least one of La, Ce, Nd, Pr and Sm. When the composition is within the above range, it becomes possible to 
simultaneously ensure both of a gas permeation coefficient of 3.5 m 2 • hr" 1 • atm' 1 or more and radial crushing strength 

30 of 20; MPa or more. At this composition, it is preferred to contain the steps of adding to coarse powder having a grain 
size distribution within 10 to 150 ^im, fine powder having a grain size distribution within 0.1 to 5.0 u,m in an amount of 
0.5 to 40 parts by weight to 1 00 parts by weight of the coarse powder and the fine powder in total to prepare a mixed 
powder of the coarse powder and the fine powder, and forming and sintering the mixed powder of the coarse powder 
and the fine powder. When the starting powder is within the grain size distribution, it is possible to simultaneously 

35 ensure both of a gas permeation coefficient of 3.5 m 2 * hr" 1 • atm" 1 or more and radial crushing strength of 20 MPa or 
more.. . .. 

[0057] Also, at this composition, it is preferred to contain the steps of adding fine powder having a grain size distri- 
bution within 0.1 to 5.0 u.m to coarse powder having a grain size distribution within 1 0 to 200 p,m in an amount of 0.5 to 
40 parts by weight based on .100 parts by weight the coarse powder and the fine powder in total to prepare a mixed 

40 powder of the coarse powder and the fine powder, and forming and sintering the mixed powder of the coarse powder 
and the fine powder. When the starting powder is within the grain size distribution, it is possible to simultaneously ' 
ensure both of a gas permeation coefficient of 5.0 m 2 * hr" 1 ratm" 1 or more and radial crushing strength of 20 MPa or 
more. . 

[0058] - Also; to ensure radial crushing strength of an air electrode supporting tube of 1 5 MPa or more, it is preferable 
4$ to. make a. relative density of lanthanum manganite powder 97?^ or more, and to ensure radial crushing strength of 20 
MPa or more, it is preferable to make a relative density of lanthanum manganite powder 98% or more. In the present 
invention,- to increase the density of the powder, a method of repeating pulverization, pressuring and. heat treatment is 
employed- but the method is- not limited thereto: For example, it is also possible by raising the heat treatment tempera- 
ture, increase in compressing pressure, progress of pulverization before- pressurizing, etc. 
so [0059] . In an air electrode supporting tube made of lanthanum.manganite according to the present invention, when 
this is- used as an air electrode support for a solid electrolytic type fuel cell, to ensure high cell output characteristics of 
0.2 W/cm 2 or more, a Fe content is preferably 0.5 wt% or less, and to ensure high cell output characteristics of 0.3 
W/cm 2 or more, a Fe content is preferably 0.4 wt% or less: r: . . ... -x . ' 

[0060] Also, to improve preparation yield-at a cell preparation step and to prevent from breakage of the 1 cell during 
. 55 power generation, a Fe content is.preferably 0.01 wt% or more. " "i: • * ■* . . 

[0061]^ An air electrode supporting tube of a solid electrolyte type fuel cell is preferably bend of 1 .0 mm or less and 
roundness of. 97% or more. In the preparation method of a conductive ceramics tube'made of lanthanum manganite of' 
the present invention, since the.bend of the ceramics tube is 1,0:rnm or- less and the" roundness is 97% or more,' it is * 
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preferred that a long sintering body is sintered under the state in which it is substantially free from tensile stress to the 
longitudinal direction and the long sintering body is sintered in the state in which it is hanged to the longitudinal direction 
after lateral sintering, and a sintering temperature of the lateral sintering step is set to 1400°C or higher and a sintering 
temperature at the hanging sintering step is made higher than that of the lateral sintering step. When the lateral sinter- 
ing temperature is less than 1400°C, a risk of dropping by self-weight is high at the time of sintering under hanging and 
production yield is poor, and when the hanging sintering temperature is less than the lateral sintering temperature, the 
roundness becomes less than 97%. 

[0062] In the above-mentioned lateral sintering step, sintering is carried out by placing a sintering body in grooves 
of a setter having the grooves, and here, said grooves preferably have substantially the same sectional profile as the 
sectional profile of the sintered body. To prevent deformation during the lateral sintering as much as possible, the 
grooves of the above-mentioned setter serves also as preventing deformation. 

[0053] Particularly when a material such as lanthanum manganite base or lanthanum chromite base is sintered, 
high purity alumina is preferable as a setter material. These materials have high reactivity with Si, so that a fire resistant 
material containing no Si is preferred as a setter material. At the present stage, high purity alumina is practically used 
as such a material. Here, preferred purity of the alumina is 99% or more. 

[0064] Also, it is preferred to apply coating to the grooves of the setter with the same materials as those of the sin- 
tering body to be sintered. This is because change in the material of the sintered body caused by diffusion of the atom 
during sintering can be prevented as much as possible. As a method of coating, a slurry coating method can be 
employed. A thickness of the coating is preferably 0.05 to 2.0 mm. 

[0065] As the second aspect of the present invention, the solid electrolyte film is a solid electrolyte material such as 
zirconia (ZrC 2 ) type, ceria (Ce0 2 ) type material, and a specific surface area of the solid electrolyte powder is made 0.2 
to 50 m 2 /g, or the heat treatment temperature of the solid electrolyte powder is set at 700 to 1 600°C. 
[0066] it is to be included a step of preparing a solid.electrolyte slurry with the above-mentioned solid electrolyte 
material and a step of film-forming the solid electrolyte slurry on an electrode substrate. 

[0067] in the present invention, the characteristic feature resides in forming a tight solid electrolyte film on the sub- 
strate of an air electrode or a fuel electrode. In the sintering on the substrate, when a stress due to sintering shrinkage 
is larger than that the strength of the substrate, the substrate is deformed or broken. Also, the stress due to sintering 
shrinkage is smaller than the same, crack occurs in the solid electrolyte film itself or sufficient tightness cannot be 
obtained. Accordingly, sintering of the solid electrolyte film itself shall be carried out without giving a large stress to the 
sintering substrate, so that a specific surface area of the solid electrolyte powder and the heat treatment temperature 
are controlled. 

[0068] A solid electrolyte slurry is prepared by using the above-mentioned electrolyte material, and the solid elec- 
trolyte slurry is coated on an electrode substrate to form a film, whereby a tight and thin solid electrolyte film can be 
formed. 

[0069] Also, it is preferred that before the step of forming a film of the solid electrolyte slurry on an air electrode sub- 
strate, a slurry containing mixed powder (LSCM/YSZ) of La(Sr,Ca)Mn0 3 perovskite base oxide (LSCM) and yttria 
doped zirconia (YSZ) is coated on the air electrode substrate to form a film. 

[0070] Also, in the method of film-forming the above-mentioned solid electrolyte slurry on an air electrode substrate 
or on a fuel electrode substrate by dipping, film-formation can be carried out by separating the air electrode substrate 
or the fuel electrode substrate from the slurry at a speed of 5000 mm/sec or less. 

[0071] The characteristic feature of the present invention resides in uniformly forming a tight solid electrolyte thin 
film by the slurry coating method. 

[0072] Its characteristic feature is, in a solid electrolyte powder which at least one of Y 2 0 3 , Yb 2 0 3 , Dy 2 0 3 , Er 2 0 3 , 
Eu 2 0 3 , Gd 2 Q 3 , Ho 2 0 3 , Lu 2 0 3> Sm 2 0 3 and Tm 2 0 3 element is added to a solid electrolyte material such as zirconia 
base, ceria base, etc. which are stable as a solid electrolyte at high temperatures, to control sintering property, a spe- 
cific surface area and a heat treatment temperature of the solid electrolyte powder are to be controlled. 
[0073] Also, in the method of forming a film by dipping, by separating the air electrode substrate or the fuel elec- 
trode substrate from the slurry at a speed of 5000 mm/sec or less; whereby a slurry amount adsorbed or attached to 
the substrate is made constant so that film-formation. with a uniform film thickness is carried out. 
[0074] The reason why the specific surface area of the solid electrolyte powder in the present invention is 50 m 2 /g 
or less, or a heat treatment temperature is set at 700°C or higher is as follows. In a solid electrolyte powder having a 
specific surface area of larger than 50 m 2 /g, or in a solid electrolyte powder subjected to a heat treatment at a temper- 
ature lower than 700°C, sintering properties are too high so that in sintering on an air electrode or a fuel electrode sub- 
strate, cracks sometimes occur in the solid electrolyte film or. the substrate is deformed. Also, when a slurry is prepared 
by using the above-mentioned solid electrolyte powder, there is a problem that it is hardly mixed with a solvent uniformly, 
or the like. . ■ . •. •• 

[0075] The heat treatment temperature of the solid electrolyte powder according to the present invention is prefer- 
ably 800°C or higher and 1500°C or lower. This is because, if tbe,+ieat treatment temperature is too low, as mentioned 
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above, sintering properties of the solid electrolyte powder are high so that a stress accompanied with sintering shrink- 
age of the solid electrolyte powder occurs at sintering on an air electrode or a fuel electrode substrate, and the substrate 
is damaged thereby. Also, if the heat treatment temperature is too high, it becomes difficult to grind the material until it 
has a suitable specific surface area. 
5 [0076] When the heat treatment temperature is set a high temperature, e.g., it is set higher than 1 600°C, after the 
heat treatment, the material may be. ground so that the specific surface area becomes 0,2 m 2 /g or more, preferably 2 
m 2 /g or more within the range of 50 m 2 /g or less, preferably within the range of 40 m 2 /g or less. 

[0077] The reason why a ball mill is used when a solid electrolyte slurry is prepared is in the points that it is easily 
ground to uniform and fine solid electrolyte powder in the specific surface area of 50 m 2 /g or less, and that a solvent 

10 and the solid electrolyte powder can be uniformly dispersed. 

[0078] Also, when a solid electrolyte slurry is subjected to film-formation on an air electrode substrate, it is preferred 
to coat a slurry containing mixed powder (LSCM/YSZ) of La(Sr,Ca)Mn0 3 perovskite base oxide (LSCM) and yttria 
doped zirconia (YSZ) on an air electrode substrate to form a film before the step of coating the solid electrolyte slurry 
on the air electrode substrate to form; a film. 

15 [0079], By coating a slurry containing LSCM/YSZ mixed powder on the above-mentioned air electrode substrate to 
form. a film, an interfacial conductivity between the air electrode and the solid electrolyte can be improved whereby a 
cell with high performances can be formed. 

[0080]" In the present invention, when a film is formed by dipping, the reason why the slurry is separated from the 
air electrode substrate or the fuel electrode substrate at a speed of 5000 mm/sec or less is as follows. If they are sep- 

20 arated at a speed faster than 5000 mm/sec, difference in the film thickness of 2-folds or more occurs in the upper por- 
tion and the bottom portion of the film-formed substrate having a length of 1 000 mm or so to the up and down direction. 
[0081] Tne reason why the slurry is preferably separated from the air electrode substrate or the fuel electrode sub- 
strate at a speed of 500 mm/sec or less is as follows. If they are separated at a speed later than 500 mm/sec, difference 
in the film thickness can be controlled within 1 .5-folds at the upper portion and the lower portion of the air electrode sub- 

?5 strate or the fuel electrode substrate having a length of 1 000 mm or so to the up and down direction. ' - 

[0082] The reason why the slurry is preferably separated from the air electrode substrate or the fuel electrode sub- 
strate at a speed of 50 mm/sec or less is as follows. If they are separated at a speed later than 50 mm/sec, difference 
in the.film thickness can be controlled within 1 .25-folds at the upper portion and the lower portion of the air electrode 
substrate or the fuel electrode substrate having a length of 1 000 mm or so to the up and down direction. / 

30 [0083] Dipping of the present. invention is preferably carried out with a plural number of times; It is also preferred 
that the upper portion of the air electrode substrate or the fuel electrode substrate comes to an upper side as the same 
times as the bottom portion.of the air electrode substrate or the fuel electrode dose. 

[0084] The reason is that a hanged amount of the slurry of the attached slurry can be made uniform at the up and 
down direction irrespective of the length of the air electrode substrate or the fuel electrode substrate whereby a film can 

35 be formed substantially without causing difference in film thickness to the up and down direction. 

[0085] Dipping of the present invention preferably carried out a plural number of times, and the upper portion and 
the bottom portion of the air electrode substrate or the fuel electrode substrate are overturned alternately. 
[0086] The reason is that a hanged amount of the slurry of the attached slurry can be made uniform at the up and 
down direction and an amount of the slurry adsorbed to the formed film can be made constant irrespective of the length 

40 of the air electrode substrate or the fuel electrode substrate whereby a film can be formed substantially without causing 
difference in film thickness to the up and down direction. 

[0087] . The reason why the slurry viscosity of the present invention is arranged to 1 to 500 cps, preferably 5 to 1 00 
cps is as follows. The reason why the lower limited is restricted to 1 cps that, in the case of low viscosity, when a film is 
formed on a tight substrate, cissing occurs so that spots occurs in the film. Also, when a film is formed on a porous sub- 
45 strate, it is to prevent from penetrating the slurry into the -substrate. The reason why the upper limit is restricted to 500' 
cps is to prevent from causing cracks during drying after film-formation. 

[0088] ' ' As the'dipping method of the.present invention; in addition to the usual dipping method in which a substrate 
is dipped in a slurry In air, a method of dipping in a f pressurized gas or in vacuum can be employed. In this case, a 
.number of dipping times. can be selected depending on the required film thickness and the slurry composition to be 

so used." v---- - - .■ ■ / ;- ' • ■■ ■ ' .. 

[0089] < The reason why a ratio of a solid electrolyte material- occupied in an optional section of a solid electrolyte 
film is. two thirds or more is that if it js less than two thirds, an inner resistance of the solid electrolyte filnh abruptly 
increases and electricity generation characteristics are-rnarkedly-lowered. Also, voids at which no solid electrolyte- 
material exists become a starting point of a cause of generating cracks. ■ * ' - 

55 [0090} ' . As a film thickness of the solid electrolyte film, it is preferably 5 to 150 pm. If it is less than 5 u,m, a sufficiently ' 
tight filrrrcan not -be obtained while if,it exceeds 1 50 nm, an inner resistance is too large.* It is preferably 1 00 u,m or less, 
more preferably 50 ujn or less.- * 1 ... 

[0091]'.. :The reason why the. gas permeation coefficient of the' solid-electrolyte film is made 1 x-tO* 9 m 3 *s*kg' 1 or 
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less is to operate SOFE with a high utilizing ratio of fuel. It is preferably 1 x 10" 10 m 3 *s * kg" 1 or less. 
[0092] The reason why the sintering temperature of the solid electrolyte film is set 1200°C to 1 700°C is that if the 
sintering is carried out at a temperature lower than 1200°C, sintering of the solid electrolyte powder does not proceed 
sufficiently so that a tight solid electrolyte film cannot be obtained. Also, the sintering is carried out at the temperature 

5 higher than 1 700°C, porosity of the electrode substrate is lost. 

[0093] in the solid electrolyte material made of a zirconia base, a ceria base, etc., the reason why at least one of 
Y 2 0 3 , Yb 2 0 3 , Dy 2 0 3 , Er 2 0 3 , Eu 2 0 3 , Gd 2 0 3 , Ho 2 0 3 , Lu 2 0 3) Sm 2 0 3 and Tm 2 0 3 element is contained in an amount of 
3 to 20 mot is that ion conductivity is excellent in this range. It is preferably 8 to 12 mol%. Also, more preferably, in the 
zirconia base solid electrolyte material, Y 2 0 3 is contained in an amount of 8 to 12 mol%. 

w [0094] The content of the solid electrolyte powder in the slurry of the present invention is preferably 1 0 parts to 50 
parts to 100 parts of the slurry solution, The composition of the slurry solution of the slurry according to the present 
invention is not particularly iirniteu. The slurry may contain a soiveru, a binder, a dispersant, an anti-foaming agent, etc. 
However, it is preferable to contain,, as a solvent, a hardly volatile solvent in an amount of 10 to SO \vt% based on the 
slurry solvent. An action of the hardly volatile solvent is to control viscosity change of the slurry at the time of preparing 

15 a slurry and during preservation, and to control occurrence of cracks caused by drying after film-formation (e.g., by dip- 
ping) by using this slurry. Here, the degree of hardly volatility is preferably, for example, 1 or less when the volatility of 
butyl acetate is set 100. For example, there may be mentioned a terpineol, etc. 

[0095] In the slurry solution, a usual volatile solution may be contained other than the hardly volatile solvent. An 
action of the solvent contained in the solution is to improve dispersibiiity of the solid electrolyte powder and improve 
20 defoaming property. As an examples of such a solvent, ethyl alcohol is preferable. A preferable content thereof is 20 to 
90 wt% of the slurry solution. 

[0096] An action of the binder contained in the slurry solution is to improve coating property (adhesiveness) of the 
solid electrolyte powder to the substrate. An amount of the binder is preferably 0.1 to 10 parts to 100 parts of the sol- 
vent.. The reason is that if it is a low concentration (less than 0.1 wt% or less), coating property is poor, while if it is a 

25 high concentration (exceeding 10 wt%), dispersibiiity of the solid electrolyte powder becomes poor. Specific examples 
of the binder may be preferably mentioned ethyl cellulose. v< 
[0097] An action of a dispersant contained in the slurry solution is to improve dispersibiiity of the solid electrolyte 
powder. An amount of the dispersant is preferably 0.1 to 4 parts to 100 parts of the solvent. The reason is that if it is a 
low concentration (less than 0.1 wt% or less), dispersibiiity is low, while if it is a high concentration (exceeding 4 wt%), 

30 modification of the slurry is likely caused. Specific examples of the dispersant may be preferably mentioned polyoxyeth- 
ylene alkylphosphate. . . . 
[0098] An anti-foaming agent contained in the slurry solution has an action of defoaming bubbles in the slurry solu- 
tion. An amount of the anti-foaming agent is preferably 0.1 to 4 parts to 100 parts of the solvent. The reason is that if it 
is a low concentration (less than 0.1 wt% or less), its effect cannot be expected, while if it is a high concentration 

35 (exceeding 4 wt%), modification of the slurry is likely caused. Specific examples of the anti-foaming may be preferably 
mentioned sorbitan sesquioleate. - 
[0099] As the mixing method of the respective agents and the solid electrolyte powder, a method of ball mill, etc. 
may be employed. 

[0100] The application method of the slurry to the substrate in the production process of the present invention is not 
40 particularly limited. It may be a dipping method, spray method, brushing method, printing method, transfer method, etc. .v 
Of these, a dipping method is preferred. It is simple and easily, excellent in mass productivity and low cost. As the dip- 
ping method, in addition to the usual dipping method in which a substrate is dipped in a slurry in air, a method cf dipping 
in a pressurized gas or in vacuum can be employed. In this case, a number of dipping times can be selected depending 
on the required film thickness and the slurry composition to be used. 
45 [0101] As the third aspect of the present invention, a fuel electrode material comprises a nickel base/zirconium 
base composite powder, and the nickel base/zirconium base composite powder is prepared by the step of synthesizing 
a composite powder comprising nickel and/or nickel pxide, t and yttria doped zirconia (YSZ) and a step of subjecting to . 
heat treatment after the above-mentioned powder. is made a green compact. The heat treatment temperature is 1200 
to 1 600°C. 

so [0102] Or else, it is a composite powder comprising nickel and/or nickel oxide and yttria doped zirconia (YSZ), and 
the nickel base/zirconium base composite powder is prepared by subjecting to calcination under air atmosphere or 
reductive atmosphere as a previous and by subjecting to heat treatment further after making the green compact. The 
calcination temperature and the heat treatment temperature are each 500 to 1200°C and 600 to 1200°C under both of 
the air atmosphere and the reductive atmosphere.^ 

55 [0103] -Or else, it is a composite powder comprising nickel and/or nickel oxide and YSZ, and the nickel base/zirco- 
nium base composite powder is prepared by synthesizing powder to which at least one of calcium, strontium and mag- 
nesium is doped to a zirconium element. 

[0104] Or else, it is a composite powder comprising nickel and/or nickel oxide and. YSZ, and the nickel type/zirco- 
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nium type composite powder is prepared by synthesizing powder to which at least one of cobalt, aluminum, titanium and 
magnesium is doped to a nickel oxide. 

[0105] Or else, it is a nickel base/zirconium base composite powder with an optional ratio of a nickel element,- zir- 
conium element and yttrium element, and the nickel base/zirconium base composite powder is prepared by mixing 
5 these composite powder having different grain sizes. A ratio of the grain sizes of the mixed powder is made 1/2 or less. 
Also, in a formulation of the mixed powder, smaller powder (fine powder) is made 5 wt% to 50 wt% to larger powder 
(coarse powder). 

[0106] The above-mentioned powder can be obtained by synthesizing with a co-precipitation method by making 
starting materials water-soluble metal salts such as nitrates, sulfates, carbonates or chlorides; etc. 
w [0107] The powder is subjected to heat treatment at a temperature of 600 to 1600°C under air atmosphere or 
reductive atmosphere to produce a nickel base/zirconium base composite powder. 

[0108] After subjecting to the heat treatment, graininess of the powder is regulated to 0.2 um to 50 |irn, and a slurry 
is prepared by using them and a film is formed by a slurry coating method, 

[0109] The film material is sintered under air atmosphere at 1100°C to 1500°C or reductive atmosphere at 1100°C 
15 to 1400°C. Incidentally, in the sintering under the reductive atmosphere, a side containing nickel and/or nickel oxide on 
the YSZ solid electrolyte film is made the reductive atmosphere, and a side containing LaMn0 3 type air electrode of the 
YS2 solid electrolyte film is made an oxidative atmosphere, and the sintering is carried out. 

[01 1 0] As effects of the third aspectof the present invention; when nickel type/zirconium base composite powder is 
to be synthesized, pressure is applied to the powder to make a green compact, and after making NiO grains and YSZ 
20 grains in a tight state, a. heat treatment at a high temperature is carried out to obtain sufficient adhesiveness between 
NiO and YSZ. Also, by effecting a reductive treatment of nickel type/zirconium type composite powder, Ni/YSZ compos- 
ite powder may be prepered: : 

[0111] When a green compact of NiO/YSZ composite powderis used, at the time of operating SOFG (100°G, 
reduction), NiO is reduced to Ni and a porosity of the fuel electrode film itself is increased; Due to increase in the poros- 
es ity of the fuel electrode film, Jt is possible to make a fuel electrode film having a high gas permeability. . ' 

[0112] On the other hand, when a green compact of Ni/YSZ composite powderis used, particularly when reductive 
sintering is carried out, Ni has higher sintering property than NiO so that it is possible to form a strong and firm fuel elec- 
trode film at a lower temperature. Also, in an atmospheric sintering, Ni is oxidized to NiO during sintering, the same 
effect as the above-mentioned NiO/YSZ can be expected.- 1 
30 [0113] Moreover, as a previous step before making a. green compact, by carrying out calcination under air atmos- 
phere or reductive atmosphere, it is possible to more uniformly disperse the NiO grains or Ni grains and YSZ grains, 
and also adhesiveness between grains can be heightened. - 
[0114] By adding at least one of calcium, strontium and magnesium to the nickel base/zirconium base composite 
powder, sintering properties of the composite powder is improved so that conductivity is to be improved. 
35 [0115] By adding at least one of cobatt, aluminum, titanium and magnesium to the nickel base/zirconium base com- 
posite powder, they are dispersed in Ni and/or NiO in the composite powder, and agglomeration of Ni can be prevented 
during a long term operation under high temperatures and reductive atmosphere. 

[0116] In the synthesis of a fuel electrode powder, in the nickel base/zirconium base composite powder, these com- - 
posite powder having different grain sizes are to be mixed. By mixing coarse powder to fine powder, sintering properties 
40 are improved and bonding forces between grains are increased whereby occurrence of fine cracks on the surface of the 
fuel electrode by reduction during a long term operation under high temperatures and reductive atmosphere can be 
controlled. 

[0117] When the nickel base/zirconium base composite powder of the present invention is to be applied to a solid 
electrolyte type fuel ceil, at, an interface with the solid electrolyte, NiO and/or Ni is made 30 mol% to 50 mol%, and at 
45 an upper layer of: the. interface, NiO and/or Ni is made 50 mol% or more. The reason is because, at the interface with' 
the solid electrolyte, adhesiveness with YSZ which is a solid electrolyte material is important and if NiO and/or Ni is 50 
mol% or more, adhesiveness .is lowered.. Also, at the upper layer of the interface, high conductivity is required and if NiO 
and/or Ni is less than 50 mol% f : conductivity is abruptly lowered. C <. 

[011 8] A Y2O3 content of YSZ in the nickel base/zirconium "base composite powder of the present invention is pref- 
50 erably 3 to 20 mol%, more preferably 8 to 1 2 mol%; The reason is that an ion conductivity of YSZ to be used as the solid 
electrolyte is excellent in this range so that matching between the solid electrolyte and a fuel electrode is good.- 
[0119] : Trie production process- of the composite: powder of the present invention is preferably a co- precipitation^ 
method. According to the co-precipitation method, a composite powder having a uniform structure and composition can 
be obtained and an. interfacia! conductivity between the electrode (the fuel electrode) and the solid electrolyte can be - 
55 increased several times as compared to a composite' powder prepared by a solid mixing method. ■ - ' - * ' ' 1 * *" ' • 
[0120] As a pressure for forming a green compact of the nickel .type/zirconium type composite powder, it is sufficient 
to make the pressure 1 00 kgf/cm 2 or more. If it is 100 kgf/cm 2 or less, sufficient greencompact cannot be obtained. 
[0121] Jn.-the.nickel.base/zirconium base composite'powder which'a green compact was made without effecting cal- 
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cination, the heat treatment temperature is preferably 1200 to 1600°C. If it is 1200°C or less, a tight powder which NiO 
and YSZ are sufficiently contacted to each other cannot be obtained. Also, if it is made 1600°C or more, sintering of 
YSZ in the nickel base/zirconium base composite powder is too progressed so that regulation of graininess by grinding 
and classification is difficult, and formation of a strong and firm fuel electrode film cannot be carried out at the time of 

5 film-formation and sintering which are the later steps. 

[0122] When a green compact is prepared after subjecting to calcination, the calcination temperature is preferably 
500°C to 1200°C in air atmosphere. If it is higher than 1200°C, sintering of YSZ in the nickel base/zirconium base com- 
posite powder is excessively progressed in relation between the green compact preparation and the heat treatment 
temperature thereafter, and the powder becomes powder in which NiO grains and YSZ grains are not uniformly dis- 

»(.' persed. The same can be applied to the preparation under the reductive atmosphere. Also, a temperature of subjecting' 
a green compact of the nickel base/zirconium base composite powder to heat treatment under air atmosphere is pref- 
erably 60CrC to "i20u"C. if it is lower than 6O0°C, tight powder in which NiO and YSZ are sufficiently contacted cannot 
he- obtained. Also, if It exceeds 1 200°C, sintering of YSZ in the nicks! base/zirconium base composite powder is exces- 
sively progressed in relation with the calcination temperature, regulation of graininess by grinding and classification is 

/r- difficult, and formation of a strong and firm fuel electrode film cannot be carried out at the time of film-formation and sin- 
tenng witch ore the later steps. In the heat treatment under the reductive atmosphere, the same can be applied as 
urdc the air atmosphere. 

[0123] m tie nickel base/zirconium base composite powder which is not subjected to compression procedure, it is 
preferable to carry out the heat treatment at a temperature of 800°C to 1600°C. If it is lower than 800°C, sufficient sin- 
:o te-mg property cannot be obtained in the nickel base/zirconium base composite powder. Also, if it is made 1600°C or 
h*gh*f Mntenrvj of YSZ in nickel base/zirconium base composite powder is excessively progressed, regulation of grain- 
trv»s.s t>y grinding and classification is difficult, and formation of a strong and firm fuel electrode film cannot be carried 
Oct a: the tr-ne of film-formation and sintering which are the later steps. 

[01 24) Regulating of graininess of the slurry grains in the present invention can be carried out by classification, etc. 

;^ afer gnnd»nq Also, the content of the ceramics grains in the slurry is preferably 1 0 parts to 50 parts to 1 00 parts of the 
slurry sotuton A composition of the slurry solution of a slurry . in the present invention is not specifically limited. The 
slurry may cortam a solvent, a binder, a dispersant, an anti-foaming agent, etc. However, it is preferable to contain, u as 
a sorvent. a hardly volatile solvent in an amount of 10 to 80 wt% to the slurry solvent. An action of the hardly volatile 
solvent ts to control viscosity change of the slurry at the time of preparing a slurry and during preservation, and to con- 

30 troi oecLfTertce of cracks caused by drying after film -format! on (e.g., by dipping) by using this slurry. Here, the degree 
of ha-dry voiati try is preferably, for.example, 1 or less when the volatility of butyl acetate is made 1 00. For example, there 
maybe mentioned rxterpineol, etc. 

[0125] in the slurry solution, a usual volatile solution may be contained other than the hardly volatile solvent. An 
action o 1 the solvent contained in the solution is to improve dispersibility of the solid electrolyte powder and improve 
35 defoammg property. As an examples of such a solvent, ethyl alcohol is preferable. A preferable content thereof is 20 to 
90 wt?o ot trie slurry solution. 

[0126] An action of the binder contained in the slurry solution is to improve coating property (adhesiveness) of the 
powder to tne substrate. An amount of the binder is preferably 0.1 to 1 0 parts to 1 00 parts of the solvent. The reason is 
that if it is a low concentration (less than 0.1 wt% or less), coating property is poor, while if it is a high concentration 
40 (exceeding 10 wr%), dispersibility of the powder becomes poor. Specific examples of the binder may be preferably men- 
tioned ethyl cellulose. 

[0127] An action of a dispersant contained in the slurry solution is to improve dispersibility of the powder. An 
amountof the dispersant is preferably 0.1 to 4 parts to 1 00 parts of the solvent. The reason is that if it is a low concen- 
tration (less than 0.1 wt% or less), dispersibility is low, while if it is a high concentration (exceeding 4 wt%), modification 
45 of the slurry is likely caused. Specific examples of the dispersant may be preferably mentioned polyoxyethylene alkyl- 
phosphate. 

[0128] An anti-foaming agent contained in the slurry solution has an action of defoaming bubbles in the slurry solu- 
tion. An amount of the anti-foaming agent is preferably 0.1 to 4 parts -to -100 parts of the solvent. The reason is that if it 
is a low concentration (less than 0,1 wt% or less), its. effect cannot be expected, while if it. is a high concentration 
so (exceeding 4 wt%), modification of the slurry is likely caused. Specific examples of the anti-foaming may be preferably *v 
mentioned sorbitan sesquioleate.. _ .-. 

[0129] As the mixing method of the respective agents and the solid electrolyte powder, a usual method of ball mill, 
etc. may be employed, - - .■:,*".-'.■*.- 

jf01 30] The application method of the slurry to the substrate in the production process of the present invention is not 
55 particularly limited. It may be a dipping method, spray method, brushing method, etc. Of these, a dipping method is pre- 
ferred, it is simple and easily, excellent in mass productivity and low cost. As the dipping method, in addition to the usual 
dipping method which a substrate is dipped in. a slurry in: air, a method of dipping in a pressurized gas or in vacuum can 
be employed. !n this case, a number of dipping times can. be selected depending on the required film thickness and the . 
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slurry composition to be used. :* - 

[0131] As a sintering temperature of the nickei base/zirconium base composite film is preferably 1 100 to 1500°C 
under air atmosphere and 1 100°C to 1400°C under reductive atmosphere. If it is lower than 1 100°C, it is close to the 
operating conditions of SOFC (1 000°C) so that aggregation of Ni grains during operation of SOFC becomes large. Also, 
5 in sintering on the YSZ film which is a solid electrolyte, adhesiveness to YSZ cannot sufficiently be ensured. 

[0132] Also, in air atmosphere, if it is higher than 1500°C, it may become a cause of sintering crack of the electrolyte 
film, etc., and under the reductive atmosphere, if it is higher than 1400°C, a melting point of Ni is at around 1 450°C so 
that Ni is melted whereby it is difficult to ensure porous structure. 

[0133] A temperature raising speed at the time of sintering is preferably 300°C/hr or less. If it is faster than 300°C/hr, 
io before NiO is sufficiently reduced to Ni during temperature raising, sintering of NiO proceeds. If sintering of NiO pro- 
ceeds before NiO is reduced to Ni, a stress due to volume shrinkage occurs to the sintering film itself of the fuel elec- 
trode so that it becomes a cause of generating cracks. 

[0134] As the fourth aspect of the present invention, when an interconnectorfilm of a tight ceramics film (hereinafter 
also referred to as a tight ceramics film) is formed on an air electrode (hereinafter also referred to as a porous sub- 

15 strate), a ceramics intermediate layer is formed between the air electrode and the interconnectorfilm so that it is pos- 
sible to form a tight film of a sintertng-resistant material such as lanthanum chromite, etc., by the wet method. 
[0135] In the formation of an interconnector film of SOFC, by forming a lanthanum-chromite film at the oxidation 
atmosphere" sideT and forming a nickel oxide film at the reductive atmosphere side and then sintering, it is possible to 
form an interconnector film which can reduce output loss accompanied by contact resistance with a collecting material 

20 at the time of power generation, and realize high output of a cell by an inexpensive wet method: 

[0136] .. In the present invention, it is said to preferably form a ceramics intermediate layer having a gas permeation 
flux Qs;50 (m • hr" 1 • atm* 1 ) between a porous substrate . and a tight ceramics film. The reason- is that* if 
Q>50 (m • hr" • atm~ ) , gas sealing property of the tight ceramics film to be formed thereon becomes worse,* particu- 
larly when a liquid phase sintering is carried out as an alkaline earth metal doped lanthanum chromite, if the ground is 

25 porous, diffusion of the liquid phase component occurs whereby it is difficult to. become tight. From this viewpoint, the 
ceramics intermediate layer preferably has a gas permeability as little as possible. . 

[0137] A gas permeation flux Q2 of the tight ceramics film herein mentioned is preferably a gas permeation flux 
Q2^0.01 (m • hr" 1 • atm" 1 ) measured between the porous substrate and the tight ceramics film. The reason is that 
when the tight sintered film is used as an interconnector film of SOFC, if the gas permeation flux Q2>0.01 , ax) output of 
30 SOFC may be reduced. . 

[0138] In the present invention, it is preferred to subject to a surface roughening treatment after formation of the 
ceramics intermediate layer. The reason is that if a film-formation is carried out on a smooth ceramics substrate, adhe- 
siveness to the film is poor and peeling of the film after sintering may be caused. 

[0139] In the present invention, when a thickness of the ceramics intermediate layer which is tight in a certain 
35 degree before subjecting to surface roughening treatment is made t1 (jum) and a film thickness after the surface rough- 
ening treatment is made t2 (uxn), it is made 0.01 ^(t1-t2)/t1 =§0.2 . If (t1-t2)/t1 <0.01 , unevenness of the surface is too 
small so that adhesiveness of the film is poor and peeling of the film occurs. On the other hand, if,(tl-t2)/tl >0.2 , a funcT 
tion (Q<50 (m • hr" 1 • atm" 1 ), etc.) of the ceramics intermediate layer may be impaired. 

[0140] * -A method of the surface roughening treatment of the present invention is not particularly limited. There are 
40 a method of treating with a sand paper, a method of spraying an abrasive on the surface (blast abrasion) by a spray, a 
method of attacking the surface by using chemicals such as an acid, an alkali, etc., and the like. Of these, the method 
of blast abrasion is preferred since operating step can be finished within a short time. 

[0141] The abrasive to be used in the surface roughening treatment of the present invention is not particularly lim- 
ited. There may be used silicon carbide, boron carbide, alumina, diamond, zirconia, etc. Of these, alumina and zirconia 

45 are preferable. ■■ - .., . ^ - 

[0142] In the formation of a tight ceramics film of the present invention, it is preferred that a film is formed by the film 
forming method containing the step of dipping the materia! in the state of applying a differential pressure between the 
film forming surface and the surface of the opposite side (an opposite film forming surface) and a step of drying; and 
ihen, sintering. The reason is that in the film preparation comprising only the step of dipping the material with a relatively 

so low differential pressure of less than 1 atm arid drying, since a filling degree of powder at the film-formed portion is low, 
a tight film can hardly be obtained after sintering. Also.'if when a high differential pressure exceeding 20 atm is applied/ 
unevenness in powder distribution attached to the film forming portion may be caused/and when it becomes this state, j 
there is a fear of causing peeling of the film or sintering crack after sintering. From this viewpoint,, the differential pres- * 
sure is preferably 1 atm^AP<20 atm. . ^ v ..: 

S5 £0143] - ; In the formation of a tight ceramics film of the present invention, it is preferred 1 to form a film from a slurry, 
containing powder having tow sintering property and a .slurry containing powder having high sintering property and sin- . 
ter the film. The reason is that in a film-formed by using powder having Jaw- sintering property only, it is difficult to obtain 
a film having a high tightness, while in a film-formed by using.pbv/derJiaving'high.sintering property only, peeling of the 
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film or sintering crack after sintering may be caused. 

[0144] The composition of the powder having low sintering property and the composition of the powder having high 
sintering property in the preparation of a tight ceramics film of the present invention are not particularly limited. They 
may be the same composition or different compositions, and further may be different materials. 

5 [0145] For example, in the case of the same composition, Sr doped lanthanum chromite, Ca doped lanthanum 
manganite, etc., may be considered, while in the case of the different compositions, a combination of Lao gCao^CrC^ 
and La 0 7 Ca 0 3 Cr0 3 or a combination of La 0 8 Ca 0 2 Cr0 3 and (La 0 .8Ca 0 .2) (Cr 0 .9Cu 0 .i)0 3 , and the like, can be consid- 
ered. In the case of the different materials, a combination ot Ca doped lanthanum chromite and calcium titanate, Ca 
doped lanthanum chromite and Ca doped lanthanum manganite, and the like, can be considered. 

10 [0146] When the powder having low sintering property and the powder having high sintering property in the tight 
ceramics film of the present invention are the same composition, powder having high calcination temperature is made 
powder having low sintering property, and when they are different compositions or different materials, that having a low 
shrinkage ratio is made powder having low sintering property in the case of forming a press body and sintering Lite 
same temperature. 

75 [01 47] A calcination temperature of the powder having low sintering property to be used in the formation of the tight 
ceramics film according to the present invention is preferably 1 000 to 1400°C. The reason is that if the powder having 
a calcination temperature of less than 1000°C is used, sintering property is too high so that peeling of the film or sinter- 
ing crack may be caused, while if it exceeds 1400°C, sintering property is low so that a flint having high tightness can 
hardly be obtained. 

20 [0148] An average grain size of the powder having low sintering property to be used in the formation of the tight 
ceramics film according to the present invention is preferably 0.1 to 2 urn The reason is that if the grain is larger than 
2 urn, a tight film can hardly be obtained, while if it is less than 0.1 [im, sintering property is improved so that there is a 
fear of causing peeling of a film or sintering crack. 

[0149] A calcination temperature of the powder having high sintering property to be used in the formation of the 
25 tight ceramics film according to the present invention is preferably 800 to 1 100°C. The reason is that if it is less than 
800°C, sintering property is improved excessively so that it causes peeling of the film or sintering crack, while if?it 
exceeds 1 1 00°C, sintering property is low so that a tight film can hardly be obtained. ^ 
[0150] An average grain size of the powder having high sintering property to be used in the formation of the tight 
ceramics film according to the present invention is preferably 0.1 to 1 um The reason is that if the grain is largertrfan 
30 1 jim, a tight film can hardly be obtained, while if it is less than 0.1 jwn, sintering property is improved so that there is a 
fear of causing peeling of a film or sintering crack. 

[0151] In the ceramics intermediate layer according to the present invention, formation of a film has been carried 
out by using two kinds of slurries, one of which is a coarse powder slurry containing a film substance having a relatively 
large grain size and the other is a fine powder slurry containing a film substance having a relatively small grain sizerto 

35 form a film by sintering. This is because if the coarse slurry is used only, sintering property is low so that formation of a 
film having a tightness in a certain degree of Q^50 (m • hr" 1 • atm* 1 ) is difficult, while if the fine slurry is used only sin- 
tering property is too high so that shrinkage at sintering is too high whereby sintering crack or peeling of the film is lilSsly 

_ caused. 

[0152] In the formation of the ceramics intermediate layer according to the present invention, when the coarse pow- 
^0 der composition is (La v xi Mxi)Yi Mn ^3' and tne fine powder composition is (La-|_x2Mx2)Y2Mn03, then, it is preferred 
that they are within the range of 0<X1^X2s0.4, 0.9^Y1^1, and 0.9^Y2=ii . 

[0153] The reasons are that if X1=0 or X2-0, sintering property of the material itself is low so that formation of a 
film having a tightness in a certain degree of Q^50 (m • hr 1 * atm 1 ) is difficult, while if X1 or X2>0.4, sintering prop- 
erty is too high so that sintering crack or peeling of the film may be caused. 

45 [0154] If Y1 or Y2<0.9, the manganese component is easily liberated or diffused and there is a problem in durability 
of the material, while if Y1 or Y2>1 , sintering property is markedly lowered so that it is difficult to obtain a tight fiim. 
[0155] In the ceramics intermediate layer according to the present invention, when the calcination temperature of 
the coarse powder is T1 and the calcination temperature of the fine powder is T2, it is preferred to be T1sT2. The rea- 
son is that if the calcination temperature of the fine powder'is higher than the other, a role of the fine powder as a sin- 

hg tering aid is reduced and it is difficult to form a film having a tightness in a certain degree of Q^50 (m • hr" 1 • atm" 1 ) . 
[0156] In the ceramics intermediate layer according to the present invention, when an amount of the coarse powder 
to be used in the coarse powder slurry is A g, and an amount of.thetine powder is B g, the ratio of the amount of the 
coarse powder and that. of the fine powder is preferably :0;1 sB/(A+B)s0.5 . The reason is that if B/(A+B)<0.1 , an 
amount of the fine powder is little so that a tight film is hardly obtained, while if B/(A+B)>0.5 , an amount of the fine pow- 

55 der is too much so that sintering property is too high whereby sintering crack and peeling of the film are likely caused. 
T0157] A substance to be doped to lanthanum chromite. according to the present invention is not particularly limited. 
There may be employed Ca, Sr; Mg, Co, Zn, Ti, Li, Cu; etc.Un the viewpoint that a tight film can be formed at the sinter- 
mg temperature of the interconnected film of 1300 to 1550?C, lanthanum. chromite containing Ca is preferred. = 
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[0158] The synthesizing method of the lanthanum chromite powder according to the present invention is not partic- 
ularly limited: There may employed a coprecipitation method, powder mixing method, spray thermal decomposition 
method, sol gel method, evaporation to dryness method, etc. Of these, the spray thermal decomposition method is pre- 
ferred in the viewpoints that uniformity of the composition is high, migration of impurities such as silica, iron, etc. is little, 
5 operation step is short (cost is cheap), etc. 

[0159] In the present invention, a solution of a slurry for preparing a ceramics intermediate layer and a tight ceram- 
ics film may contain the following. 

Binder: PVA, EC (ethyl cellulose), etc. An amount thereof is preferably 0.1 to 10 parts by weight to 10 parts by 
jo weight of the solvent. .;'."-.. - 

Difficultly volatile solvent: a-terpineol, etc. An amount thereof is preferably 1 0 to 80 parts by weight to 1 00 parts by 
weight of the solvent. 

Solvent: ethanol, 2-propanol, methanol, etc. An amount thereof is preferably 20 to 90 parts by weight to 1 00 parts 
by weight of the solvent: : 

t5 Dispersant: polyoxyetblene alkylphosphate, CTAB, etc. An amount thereof is preferably 0.1 to 4 parts by weight to 

1 00 oorts by weight of the solvent. ■ * ■ 

Anti foaming agent: sorbitan sesquioleate, etc. An amount thereof is preferably 0.1 to 4 parts by weight to 1 00 parts 
by weight of the solvent. 

2v [0160] Asa st-ucture of an interconnectorfor SOFC according to the: present invention, it is preferred to forma lan- 
thanum chromitp Mm at the oxidative atmosphere side and a nickel oxide film at the reductive atmosphere side. The.rea- 
son is mat m the interconnector comprising only lanthanum chromite, conductivity is markedly lowered at the reductive 
atmosphere side, and when a nickel oxide film is formed. at the reductive atmosphere side, nickel oxide is, changed to 
mcke I to improve conductivity. - - - ; <• 

25 f0161] in the present invention, a sintering temperature of the interconnectorfilm is preferably 1300 to 1550°G.The. 
reason is mat if it is less than 1300°C, an activity of a sintering aid (in Ca doped, calcium chromate and in Sr doped, 
strontium chromate) for lanthanum chromite is low and a tight film can hardly be obtained, while if it exceeds 1550°C, 
in the formation o' a solid electrolyte type fuel cell, sintering shall be carried out at higher temperature than the other 
material and thus, it is not practical. Incidentally an atmosphere at the sintering is preferably air atmosphere/m view of 

30 the other material (particularly an air electrode material). 

[0162] An average gain size of nickel oxide powder in the present invention is preferably 0.1 to 20 jxm. The reason 
is that if it' is less than 0.1 pjn, sintering property is too high so that sintering crack, peeling of the film, etc. may be 
caused, while if rt exceeds 20 jim, sintering property is too low so that it is difficult to form a tight film. 

35 4. Brief oescription of the drawings - ■ 

[0163] ;■- . v . 

Rg? 1 is a graph showing a relative density.of starting powder according to the embodiment of the present invention 
to and a radial crushing strength of the sintered body prepared therefrom; - - 

Fig. 2 is a graph-showing a relationship between the heat treatment temperature and the specific surface area of 
1 0YSZ powder according to the embodiment of the present invention. 

Rg. 3 is a graph showing a film thickness of the YSZ section to the longitudinal direction of a sample with the 
respective drawing speed when a;substrate,with a- total length of 1 100 mm according to the embodiment of the 

45 present invention is used. .--■*. ,;v.~-. - . ..- . .... , ... - 

Rg. 4 is a agraph showing a relationship between thespecifiasurface area of 1 0YSZ powder and a gas permeation 
coefficient of ~the ; YSZ filrrtusing the slurry of the powder according to the embodiment of the present invention. 
Rg. 5 is a graph showing a relationship between a gas permeation coefficient and an power generating output den- 
sity by the slurry using 1 0YSZ powder according to the embodiment of the present invention. 

50 Rg. 6 is a graph showing change in conductivity of heat treated powder using powder calcinated under air atmos- 

phere accordrng-to the embodiment of the present invention (heat treatment: air atmosphere, sintering: air atmos- 
phere). . .'•::. — -VV"; v?vvt , *. • ■;•» 
- Rg. 7 is a graph showing change in conductivity of heat treated powder using powder calcinated under air atmos- 
phere according to the embodiment of the present invention (heat treatment: reductive atmosphere, sintering: air.- 

55 atmosphere). . " ~ : 

Rg. 8 is a graph showing change in conductivity of heat treated powder using powder calcinated under reductive - 
atmosphere according to the embodiment of the present invention (heat treatment: air atmosphere, sintering: air 
atmosphere)./:- 1 ,\ * c*- * - r . t -r :r + , - v -Ou vc*. . Z-^i r .f . ^ ... , \.-_r>r\ : ? 
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Fig. 9 is a graph showing change in conductivity of heat treated powder using powder calcinated under reductive 
atmosphere according to the embodiment of the present invention (heat treatment: reductive atmosphere, sinter- 
ing: air atmosphere). 

Fig. 1 0 is a graph showing change in conductivity of heat treated powder using powder calcinated under air atmos- 
5 phere according to the embodiment of the present invention (heat treatment: reductive atmosphere, sintering: 

reductive atmosphere). 

Fig. 11 is a graph showing change in conductivity of heat treated powder using powder calcinated under reductive 
atmosphere according to the embodiment of the present invention (heat treatment: reductive atmosphere, sinter- 
ing: reductive atmosphere). : 

w Fig. 12 is a graph showing a relationship between a doped amount and conductivity when calcium is doped in the 

synthesis by the coprecipitation method according to the embodiment of the present invention, 
hig. 1 3 is a graph showing a relationship between a doped amount and conductivity when strontium is doped in the 
synthesis by the coprecipitation method according to the embodiment of the present invention. 
Fig. 14 is a graph showing a relationship between a doped amount and conductivity when magnesium is doped in 

id the synthesis by the coprecipitation method according to the embodiment of the present invention. 

Fig. 15 is a graph showing a relationship between a doped amount and conductivity change after 1000 hours when 
cobalt is doped according to the embodiment of the present Invention. 

Fig. 1 6 is a graph showing a relationship between a doped amount and conductivity change after 1 000 hours when 
aluminum is doped according to the embodiment of the present invention. 
20 Fig. 17 is a graph showing a relationship between a doped amount and conductivity change after 1 000 hours when 

titanium is doped according to the embodiment of the present invention. 

Fig. 1 8 is a graph showing a relationship between a doped amount and conductivity change after 1 000 hours when 
magnesium is doped according to the embodiment of the present invention. 

Fig. 19 is a graph showing a mixed ratio of fine powder to coarse powder due to the difference in grain size of the 
25 fine powder and a deterioration ratio of conductivity after 1000 hours according to the embodiment of the present 
invention. 

Fig. 20 is a drawing showing a film forming device according to the embodiment of the present invention. ^ 
Fig. 21 is a graph showing a relationship between a gas permeation flux (Q1) of a Lao 8 Cao 2 Mn0 3 ceramics inter- 
mediate layer and a gas permeation flux (Q2) of a Lao 8 Ca 0 . 2 CrO 3 tight ceramics film according to the embodiment 
30 of the present invention. 

Fig. 22 is a graph showing a gas permeation flux of a La 08 Ca 0 2 Cr0 3 film according to the embodiment of the 
present invention. 

Fig. 23 is a graph showing a relationship between a calcination temperature and a gas permeation flux of a low sin- 
tering property powder of La 0 8 Ca 02 CrO 3 according to the embodiment of the present invention. 

35 Fig. 24 is a graph showing a relationship between a calcination temperature and a gas permeation flux of a high 

sintering property powder of La 0 8 Ca 0 .2CrO 3 according to the embodiment of the present invention. 
Fig. 25 is a graph showing a relationship between an average grain size and a gas permeation flux of a low sinter- 
ing property powder of La 0 8 Ca 0 2 Cr0 3 according to the embodiment of the present invention. 
Fig. 26 is a graph showing a relationship between an average grain size and a gas permeation flux of a high sinter- * 

•*? ing property powder of Lao. 8 Ca 0 2 Cr0 3 according to the embodiment of the present invention,. 

Fig. 27 is a sectional view showing a structure of a cell of a cylindrical cell type solid electrolyte type fuel cell accord- 
ing to the embodiment of the present invention, Fig. 27A is a lengthwise sectional view of whole shape, and Fig. . 
27B is a lateral sectional view showing B-B section of Fig. 27A. 

Fig. 28 is a graph showing comparison of power generation performance of a SOFC cell of the present example 
45 formed by slurry coating a La 0 8 Ca 0 2 Cr0 3 film of an interconnector and sintering, then, slurry coating a NiG> film < 

and sintering according to the embodiment of the present invention, a SOFC cell of Comparative example 3 in 
which the interconnector is made a Lao 8 Ca 0 2 Cr0 3 ^ m anc * metallize is not carried-out, and a SOFC cell of Com- 
parative example 4 in which the interconnector is made a metal nickel film and metallize is carried out. 1 

l'Q 5. Best mode for carrying out the invention 

[0164] Embodiments of the present invention are explained in detail below. 

Example 1 ■ '- 

.-56 

(Preparation process of test cell and test method) * 
[0165] By using powder wherein (La 0 75 Sr 0 25 ) 0 99 Mn0 3 powder or (La 0 .6o Sr o.2o)o.99 Mn ^3 powder having an aver- * 
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age grain size of 20 to 50 urn was added by 5 to 15wt% of powder of the same composition having an average grain 
size of 0.5 ]iim, seven kinds of samples having characteristics of 8.9 to 33.2 MPa radial crushing strength and 2.1 to 7.2 
m 2 • hr* 1 • atm" 1 gas permeation coefficient were prepared, and using these as an air electrode support to form a cell for 
a solid electrolyte type fuel cell and evaluation of power generation performance was carried out. 
5 [0166] Also, with regard to (La 1 . x Sr x ) 1 . a Mn0 3 and (La 1 . x Ca x ) 1 . a Mn0 3 , powders and sintered bodies were prepared 
by varying x and a within a certain range to make samples for evaluating air electrode support characteristics: Meas- 
urements of a radial crushing strength, a gas permeation coefficient and conductivity were carried out. Preparation 
methods are as follows. 

[0167] As starting materials, lanthanum nitrate, strontium nitrate, calcium nitrate and manganese nitrate were 

w weighed and mixed, and the mixture was subjected to heat treatment at 1400°C for 10 hours, then, crushed and clas- 
sified. Grain size of the powder was measured by using a laser diffraction scattering type grain size distribution meas- 
urement device and the grain size was subjected to measurement based on the volume. To 100 parts of the powder 
were added 10 parts of an organic binder, 3 parts of glycerin and 10 parts of water, the mixture was mixed in a mixer 
and kneaded by using a kneader. The kneaded material was formed by using an extrusion forming machine, dried and 

75 subjected to degreasing treatment. Subsequently, the, material was sintered, in a gas sintering furnace at 1400 to 
1 500°C for 1 0 hours to form an air electrode support. A sample shape of. an power generating experiment was an outer 
diameter of 22 mm, a thickness of 2.0 mm and a length of 1000 mni, and a number of each sample was made 30 
pieces. A shape of samples for evaluating characteristics of the air electrode support was a diameter of 22 mm, a thick- . 
ness of 2.0 mm and a length of 50 mm. 

20 [0168]- By using the air electrode support for an power generating experiment thus formed, cells were formed by the 
following method. On the outer surface of the air electrode support, an interconnector film having a width of 7.0 mm x 
a length of 900 mm x a thickness of 50 pm (an axis direction, linear state) was formed by the slurry coating method. The 
material to be used was La 0 .75Cao.25Cr6 3 and the sjntering temperature was made 1 400°C x 2 hours. 
[0169] ■ Next, a mixed layer was formed on the surface other than the interconnector of the air electrode support. A 

25 coprecipitation powder (a mixed _ weight ratio /in conversion - of an oxide 50:50) of 8 mol% YSZ and 
(La 0 7 5 Sr 0 25)o.99Mn0 3 according to the same method as described in Japanese Patent publication number Kokai 
Hei:9-86932 (the same applicant as in the present application). A film was formed by using the material according to 
the slurry coating method and sintered at 1500°C for 5 hours. A thickness of the mixed layer was 30 u/n. - 
[0170] * An electrolyte film was formed on the surface of the mixed layer. A film of 8 mol% YSZ having a grain size of 

30 0.3 ujti was formed by the slurry-coating method and sintered at 1 500°C for 5 hours. A thickness of the electrolyte was 
20 urn 

[0171] A fuel electrode was formed on the surface of the electrolyte . A film of NiO/YSZ powder (a weight ratio after 
Ni reduction 60:40) obtained by the coprecipitation method was formed by the slurry coating method and sintered at 
1400°C for 2 hours. A thickness of the fuel electrode was 100 u.m. Next, the fuel electrode was subjected to reduction 

35 treatment under 3% H 2 and 97% N 2 atmosphere at 1000°C. ------ 

[0172] By using 18 cells formed as mentioned above, a bundle comprising 6 series connection and 3 parallel con- 
nection was formed, and by using air as an oxidizing agent and H 2 +1 1% H 2 0 as a fuel, an power generation evaluating 
operation was carried out with a fuel utilization ratio of 80%. An operation temperature was 1000°C and continuous" 
operation was carried out for 1000 hours during which a heat cycle test to room temperature was once carried out. ~ * 

40 [0173] : Aiso, characteristics such as a radial crushing strength, a gas permeation property, conductivity," etc. of the 
formecl air electrode support were evaluated by the methods as mentioned below. A sample with a length of 50 mm was 
placed in air at 20°C and differential pressure (N 2 gas) of 0.1 kgf/cm 2 was applied to the inner and outer surfaces of the 
sample. Under this differential pressure, an amount of N 2 gas permeating the sample was measured to calculate the 
gas permeation coefficient. 

45 [0174] The radial crushing strength was calculated from the following equation by using a load value at break when 
a sample was placed between compressing tools and compressed from upside and downside until break. 

o r =Px(D-d)/(lxd 2 ) • - ' • >- 

so [0175] Here a r represents a radial crushing strength, P represents a break load, D represents an outer diameter of 
the sample, d represents a thickness and I represents a length of the sample. 

[0176] With regard to (LaT.xSrx^.aMnCVand (La^xGaxii-aM"^ powder within *the range of 0.10^x^0.40 and 
0^as0.07, air electrode supports were formed according to the. above-mentioned method. To these supports were car- 
ried out evaluations of a radial* crushing strength, a gas*~pBrrneatipn property and conductivity according to the same 
55 method. -}..:■■ ' ; 

[0177] Conductivity of the. sample was .measured, by a four-teem I rial .method under air atmosphere at 1 000°C. 
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(Relationships between radial crushing strength, gas permeation coefficient and yield at cell formation step of air elec- 
trode support, and cell breakage ratio after power generating test and output density) 

[0178] Table 1 shows a table showing a relationship between a radial crushing strength, a gas permeation coeffi- 
cient of air electrode support and a yield at cell formation step of air electrode support when a solid electrolyte type fuel 
battery cell was formed by using it as an air electrode support, and a cell breakage ratio after power generating test and 
an output density. 



Table 1 



Relationships between yield at cell formation step, cell breakage ratio after power generating test and output density 


Radial crushing 
strength/MPa 


Gas permeation 
coefficient / m* • hr" 
1 *atrrf 1 


Yield at cell formation 
step/% 


Cell breakage ratio 
after power generat- 
ing test/% 


Output den- 
sity/W/cm 2 


8.9 


7.2 


67 


11 




15.0 


5.7 


97 


0 


0.35 


17.7 


5.0 


97 


0 


0.30 


18.7 


4.6 


97 


0 


0.26 


. 20.5 


4.0 


100 


0 


0.23 


21.7 


3.5 


100 


0 


0.21 


33.2 


2.1 


100 


0 


0.15 ^ 



[0179] In the sample having a radial crushing strength of less than 15 MPa, breakage of the cell was observed after 
the power generating test. A stress generating at the cell during power generation or heat cycle is considered to be a 
30 sum total of stresses caused by compressing pressure by a collecting plate and a thermal stress generating in the sell 
itself caused by the difference in thermal expansion coefficients of cell constituting materials. 

[0180] From the results of the experiment, it is found that if the radial crushing strength of the air electrode support 
is 1 5 MPa or more, no breakage of the cell occurs during power generation. Also, with regard to the sample having the 
radial crushing strength of 15 to 18.7 MPa, there are little number of samples which breaks during cell formation. Also, 

35 with regard to the samples using an air electrode support having the radial crushing strength of 33.2 MPa and the gas 
permeation coefficient of 2.1 m 2 • hr 1 -atm* 1 , the output density was 0.15 W/cm 2 . Accompanying with increase in§the 
gas permeation coefficient, there is a tendency of increasing the output density. It was found that when the gas perme- 
ation coefficient was 3.5 m 2 • hr 1 • atm -1 or more, the output density became 0.2 W/cm 2 or more and when the gas per- 
meation coefficient was 5.0 m 2 • hr 1 •atm" 1 or more, the output density became 0.3 W/cm 2 or more. From the results 

40 as mentioned above, the radial crushing strength of the air electrode support is required to be 15 MPa or more, more 
preferably 20 MPa or more, and the gas permeation coefficient is preferably 3.5 m 2 • hr" 1 • atm* 1 or more, and more pref- 
erably 5.0 m 2 • hr" 1 • atm" 1 or more. 

(Relationship between A cite/B cite ratio coefficient of air electrode support composition, radial crushing strength and 
45 gas permeation) 

[0181] in Table 2, a relationship between the air electrode support composition, a radial crushing strength and a 
gas permeation- coefficient is shown. - 



.' Table. 2. 



Relationship between air electrode support composition, radial crushing strength 
and gas permeation coefficient 


Composition 


Radial crushing 
strength/MPa 


Gas permeation coeffi- 
cient/ m 2 • hr" 1 • atm" 1 


(La 0 .?5Sr 0 .25)o.93Mri03 


33.5 


0.08 
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Table 2 (continued) 



Relationship between air electrode support composition, radial crushing strength 
and gas permeation coefficient 


Composition 


Radial crushing 
strength/MPa 


Gas permeation coeffi- 
cient/ m 2 • hr" 1 • atm" 1 


( La 0.75 Sr 0.25)0.96 MnO 3 


24.5 


0.34 


( La O.75 Sr CL25)0.97 MnO 3 


20.5 


3.55 


(La 0 .75 Sr 0.25)0.98 Mn O3 


18.7 


3.66 


( La 0 .75 Sr o.2s)o.99M no 3 


16.9 


3.68 


( La O.75 Sr O.25)l.00 Mn -°3 


11.7 


. 4.06 



[0182] A tendency was found-that when the A cite/B cite ratio decreased, the radial crushing strength increased and 
the gas permeation coefficient lowered. The A cite/B cite ratio herein mentioned is a value in which, in a perovskite base 
crystahstructure AB0 3 , a number of atoms of La and Sr or La and Oa occupying the A cite-is divided by a number of 
atoms of Mn occupying the B cite. In the cases where the A cite/B cite ratio is 0.93 or 0.96 and in the case where it is 
,1.00. the conditions that the radial crushing strength is l5.MPa.ox more and the gas permeation coefficient is 3.5 
m 2 • hr 1 • atm" 1 or more cannot be ensured. From the above results, the A cite/B cite ratio is preferably 0.97 or more 
and less than 1.00. ... ~ " ~ ' ....... . .-. . . . . 

(Relationship between Sr doped amount of air electrode support, radial crushing strength and gas permeation coeffi- 
cient) 

[0183] In Table 3, a relationship between the air electrode support composition, a radial crushing strength and a 
gas permeation coefficient is shown. " 



Table 3^ 



Relationship between air electrode support composition, radial crushing strength 
and gas permeation coefficient 


Composition 


Radial crushing 
strength/MPa 


Gas permeation coeffi- 
cient/ m 2 • hr 1 • atm" 1 


( L -ao.90 Sr o.io)o:99 Mn0 3 


" 10.2 


3.74 


(La 0 86 Sr 0 14 ) 0 99 Mn0 3 


16.5 - 


3.54 ^ . . 


( L- a 0.84 S l"o. 1 6)0.99^ n ^3 


25.1 


3.78 


( La 0.83 S r 0. 1 7)0.99 M n °3 


22.8 


4.28 


C- a 0.82S r 0.18)o.99Mn03 


25.7 


4.95 


( La 0.81 ? r 0. 1 9)0.99 M n °3 


25.9 


4.89 


C-^.soSro 2o)o.99M.n0 3 


27.6 


4.46 


( La 6.79 Sr p.2l)6.99 M . n °3 


30.8 


3.62 


(^o.77 Sr o.23)o.9a Mn0 3„ -< -:. 


■ 18.0, • • 


3.55 


( La 0.75 Sr 0.25)6.99 MnO 3 . 


' ' : 16.9- ; : - ; " 


3.68 


(La 0i 74$rq.26)o.99 Mn 03 >- 


. 15.2 , . 


t . s . v 3.85/ 


( La O.73 Sr 0.27)o.99MnO3 


• ' ; «- : :-:--. -r-i3;5 - '■'-'"v? ^ 


' ' 3.60 









[0184] - In the case where the Sr doped amounfis in the range of 0.14 to 0.26, it is possible to ensure the-character- 
intics that the radial crushing strength is 1 5 MPa or more and the gas permeation coefficient is 3-5 m 2 * hr' 1 • atm" 1 . Also- 
in the case where the Sr doped amount is in the range of 0.16 to 0.21, it is possible to ensure the characteristics that 
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the radial crushing strength is 20 MPa or more and the gas permeation coefficient is 3.5 m 2 - hr' 1 -atm" 1 . From the 
above results, it was found that the Sr doped amount was preferably 0.14 or more to 0.26 or less, more preferably 0.16 
or more to 0.21 or less. 

5 (Relationship between Ca doped amount of air electrode support, radial crushing strength and gas permeation coeffi- 
cient) 

[0185] In Table 4, a relationship between the air electrode support composition, a radial crushing strength and a 
gas permeation coefficient is shown. 

w 



Table A . 



Relationship between sir electrode support composition, radial crusniriy strength 
and gas permeation coefficient 


Composition 


Radial crushing 
strength/MPa 


Gas permeation coeffi- 
cient/ m 2 • hr" 1 • atnT 1 


( La 0.85 Ca 0.1 5)0.99 MnO 3 


12.8 


3.72 


( La 0.80 Ca 0.2o)o.99 Mn °3 


16.1 


4.68 


(La 0 75 Ca 0 2 5 )o.99 Mn °3 


21.8 


5.35 


( La 0.70 Ca 0.30)0.99 M n °3 


20.0 


7.20 


( La 0.65 Ca 0.35)o.99 Mn °3 


17.5 


3.80 


( La 0.60 Ca 0.40)0.99 MnO 3 


13.5 


3.60 



[0186] In the case where the Ca doped amount is in the range of 0.20 to 0.35, it is possible to ensure the charac- 
teristics that the radial crushing strength is 15 MPa or more and the gas permeation coefficient is 3.5 m 2 • hr" 1 * atm" 1 . 
30 Also, in the case where the Ca doped amount is in the range of 0.25 to 0.30, it is possible to ensure the characteristics 
that the radial crushing strength is 20 MPa or more and the gas permeation coefficient is 3.5 m 2 • hr" 1 • atm" 1 . From the 
above results, it was found that the Ca doped amount was preferably 0.20 or more to 0.35 or less, more preferably 0.25 
or more to 0.30 or less. 

35 (Conductivity measurement results) 

[0187] As a result of measuring conductivity, in either of the samples having the radial crushing strength of 15 MPa 
or more, conductivity was each 80 S/cm or more. It is preferable that conductivity is 75 S/cm or more to ensure the out- 
put density of 0.2 W/cm 2 or more, and either of the samples satisfies the value. 

40 mv 

Example 2 

(Formation process of test cell and test method) 

45 [0188] With regard to (La 0 80 Cao 20 ) 0 99 Mn0 3 powder and (Lao.75 Ca o.25)o.99 Mn0 3 powder ^ prepared Jn the same 
manner as in Example 1 , coarse powder was classified into the grain size distribution of 5 to 1 50, 1 0 to 150, 1 0 to 200, 
10 to 300, 15 to 200, 20 to 200 and 40 to 200 jxm, to 100 part's of the respective powders to which" 10 wt% of powder 
having the same composition and having an..average grain^size of 0.5 um.was each added, were added 1 0 parts of an 
organic binder, 3 parts of glycerin and 10 parts of water, and then the mixture was mixed in- a mixer and kneaded by 

50 using a kneader. The kneaded materia! was formed by using an ext Fusion forming machine, dried and subjected to a*, 
degreasing treatment. Subsequently, the- material was sintered in a gas sintering furnace at 1450°C for 10 hours to form 
air electrode supports. A sample shape was an outer diameter of 22 mm, a thickness of 2.0 mm and a length of 50 mm. 
With regard to this sample, a radial crushing strength and a gas permeation coefficient were evaluated. Evaluations of 
the radial crushing strength and the gas permeation- coefficient were carried out in the same manner as in Example 1 . 

55 A coarse powder grain size distribution herein mentioned means that at least 99% or more of powder exists in the 
range. Also, an average grain size of the coarse powder. prepared was 41 .2 urn in the case of 10 to 150 jam, and was • , 
62.8 um in the case of 1 0 to 200 (im. . i : ^ , ■ . ...■■...-■..*.-■ 
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(Relationship between coarse powder grain size distribution and radial crushing strength and gas permeation coeffi- 
cient) 

[0189] Table 5 is showing a relationship between a coarse powder grain size distribution, and a radial crushing 
strength and a gas permeation coefficient with regard to (Lao i80 Sro 20 )o.99Mn0 3 powder and (La 0 7 5 Ca 0 .25)a99MnO 3 
powder. 



Table 5 



Relationship between radial crushing strength and gas permeation coefficient 


(~\ r\ m Ptr> q it i r\ n 


uudiac puwacr grain 

size distribution/jim 


1 Radial crushing 
. strength/MPa 


Gas permeation coeffi- 
cient/m 2 • hf 1 -atm" 1 


( ^ a 0. 80 S r 0. 20) 0.99 M n O3 


5 to 150 


38.5 


1.84 


(^- a o.80^ r o.2o)o.99Mn0 3 


10 to 150 


27.6 


4.46 


( ^^0. 80^ r 0 20)0.99 Mn0 3 


1 0 to 200 


23,3 


6.01 


(^- a 0.80^ r 0.2o)o.99'^ n 03 . 


10 to 300 


13.5 


9.80 


( La 0 _80 s ""0.20)0.99 Mn 0 3 \ 


15 to 200 ^ 


20.3 


7.87 


( La o:80 Sr 0.26)o.99 Mn °3 


20 to 200 


' 16.9 


8.98 


C- a 0.80^ r 0-20)0.99MnO3 


40 to 200 


•13.2 


10.3 . 


( La a75 Ca 0.25)0.99 MnO 3 


5 to 150 


36.2 


3.00 


( La 0>5 Ca 0.25)0.99MnO 3 


. 10 to 150 


29.5 


3.50. 


( La o.75Ca 0 25)o.99Mn0 3 


10 to 200 . . 


21.8 


5.35 


( La 0,75 Ca 0.25)0.99 MnO 3 


1 0 to 300 


14.4 


8.55. : 


( La 0.75 Ca 0.25)0.99 MnO 3 


15 to 200 


20.1 


7.05 


( La 0.75 Ca 0.25)0.99 MnO 3 


20 to 200 


16.6 


7.12 


( La 0.75 Ca 0.25)0.99 MnO 3 


40 to 200 


14.2 


8.63 



[0190] In either of the compositions of samples, when the grain size distribution of coarse powder is 1 0 to 150 ^im, 
10 to 200 p,m or 15 to 200 um, a characteristic of 20 Mpa or more and the gas permeation coefficient of 3.5 m 2 « hf 
1 -atm -1 can be obtained. Also, when the grain size distribution of the coarse powder is 10 to 200 or 15 to 200 jam, char- 
acteristics, of 20 MPa or more and the gas permeation coefficient of 5.0 m 2 • hr" 1 • atm' 1 can be obtained. In the samples 
having the grain size distribution of the coarse powder of 5 to 150 u/n, 10 to 300 u.m and 40 to 200 urn, characteristics* 
of the radial crushing strength of 15 MPa or more and the gas permeation coefficient of 3.5 m 2 • hr" 1 «atm" 1 cannot be 
obtained. In the case where the grain size distribution is 5 to 150 um, sintering property is too high so that sintering 
excessively proceeds whereby the gas permeation property is lowered. In the case of the grain size distribution of 10 
to 300 u,m and 40 to 200 urn- sintering property was insufficient and sintering did not proceed sufficiently whereby it 
could I be:cohsidered that the rafdial crushing strength was insufficient. . - - ■ 

Example 3 - ~ ■ 

[0191] Lanthanum manganite powders having different density were synthesized and sintered bodies were pre : 
pared by the powcJers, and measurements of the radial crushing strength, conductivity and gas permeation property 
were carried out. •" • ' v.-/; r " " ' -' - ■ ' " *".v ^ .' • a-.:v, ;.- - \ .-, • ■; . * 

(Preparation process of starting powders and measurement of density) ; : - _ \; 

- - •:, • U. \ : \ ,f ■ ■ ' : ■ ■ -/ - : ■-. tw: - < , , .... 

[0192] Three kinds of lanthanum manganite powders corriprising the composition of (La 0 80 Sf 0 2o)o.99 Mn0 3 and 
having different densities were prepared by the method as mentioned below. 

[0193] As starting materials, lanthanum nitrate, strontium nitrate and manganese nitrate were weighed and-mixedr 
then, subjected to thermal decomposition, and subjected to a heat treatment at 1400°C for 10 hours. The material was 
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ground and classified to prepare powder (a) having a grain size distribution within the range of 15 to 200 ujti. 
[0194] After this powder was ground by a ball mill, CIP forming was carried out with a pressure of 2.5 t/cm 2 , and 
subjected to a heat treatment at 1400°C for 10 hours. The material was ground and classified to prepare powder (b) 
having a grain size distribution within the range of 15 to 200 jim. 
5 [0195] The powder was further subjected to ball mi!! grinding, CIP forming and heat treatment at 1400°C for 10 
hours, and then, grinding and classification were carried out to prepare powder (c) having a grain size distribution within 
the range of 1 5 to 200 \im. 

[0196] Bulk densities of the prepared powders were measured by using a Gay-Lussac type specific gravity bottle 
(pyconometer). Also, XRD measurement was carried out and a lattice constant of the perovskite base crystal which is 
w a crystal structure of The prepared powder was obtained, and a theoretical density of the powder was calculated there- 
from. An oxygen number of the lanthanum manganite was obtained by using an oxidation-reduction titration method. To 
uit; ticmipie powder were added Ki, disiiiied water and HCi to completely dissolve the sample. This solution was sub- 
jected to oxidation -reduction titration hy using a Na 2 320 3 solution to obtain amounts of Mn 3+ and Mn 4+ ions, and an 
oxygen number was determined therefrom. From the above-mentioned bulk density and the theoretical density, a rela- 
ys tive density of the powder was calculated. Calculated relative densities of the respective powders (a), (b) and (c) were 
95.2%, 97.2% and 98.5%, respectively. 

(Preparation of sintered body) 

20 [0197] Sintered bodies were formed from the prepared powders according to the following method. 

[0198] To the prepared powder having a size of 15 to 200 pj*n was added a fine powder prepared by the same 
method and ground to submicron with an inner ratio of 1 0 parts. To 1 00 parts of the powder were added 1 0 parts of an 
organic binder, 10 parts of water and 3 parts of glycerin, and the mixture was mixed and kneaded by using a mixer and 
a kneader. This kneaded material was subjected to extrusion forming under the conditions of a pressure of 30 kgf/cm 2 

25 and a temperature of .10°C, and then, subjected to drying and degreasing. Subsequently, sintering was carried out-in a 
gas furnace at 1450°C for 10 hours to prepare a pipe shaped sintered body having an outer diameter 0 of 20 mrrr; a 
thickness of 2.0 mm and a length of 50 mm. 

(Measurement of conductivity) . 

30 

[0199] Conductivity of the formed sintered body was measured under air atmosphere at 1000°C by the four-termi- 
nal method. Conductivities of the sintered bodies formed from the powders (a), (b) and (c) were 85.7, 87.4 and 9,6.4 
S/cm, respectively. For an air electrode support of a solid electrolyte type fuel cell, it is preferred to have the conductivity 
of 75 S/cm or more and either of them satisfied the requirement. 

35 

(Measurement of radial crushing strength) - - # 

[0200] The sintered body formed was placed between compressing tools of a testing machine and broken by com- 
pressing from upside and downside, and the radial crushing strength was calculated from the following equation by 

40 using the load value at break. 

[0201] Fig. 1 is a graph showing a relative density of the starting powder and a radial crushing strength of the sin- 
tered body formed therefrom. As can be seen from Fig. 1 , accompanying with increase in the relative density of the 
starting powder, the radial crushing strength increases. For an air electrode support of a solid electrolyte type fue! eel!, 
it is required to have the radial crushing strength of 15 MPa or more, so that the relative density of the starting powder 

45 Is preferably 97% or more. Also, for an air electrode support of a solid electrolyte type fuel cell,, it is preferred to have 
the radial crushing strength of 20 MPa or more, so that the relative density of the starting powder is preferably 98% or 
more. - * 

(Measurement of gas permeability) ; 

[0202] To the formed sintered body was applied 0.1 kgf/cm 2 of pressure difference by !M 2 gas, and a gas flow 
amount permeating the sample was measured to calculate the gas permeation coefficient. The gas permeation coeffi- 
cients of the sintered bodies formed from the powders (a), (b) and (c) were-9.62 t 8.98 and 7.87 m 2 * hr 1 • atm" 1 , respec- 
tively. For an air electrode support of a solid electrolyte type fue! cell, it is preferred \o have the gas permeation 
55 coefficient of 3.5 m 2 • hr' 1 -atm' 1 or more and either of them satisfied the requirement. : . ■ 
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Example 4 .<... **' 

(Formation method of test cell and test method) . - - 

5 [0203] (Lao,75 Sr o.25)o.99 Mn °3 powder was synthesized and a sintered body was formed by using the powder as a 
starting material, and measurement of the radial crushing strength was carried out. Also, the formed sintered body was 
used as an air electrode support to form a solid electrolyte type fuel battery cell, and evaluations of power generating 
performance were carried out. 

[0204] Synthetic method of the lanthanum manganite powder and formation method of the sintered body is as 
w shown below. As starting materials, lanthanum nitrate, strontium nitrate and manganese nitrate were weighed and 
mixed, then, subjected to thermal decomposition, and subjected to a heat treatment at 1400°C. This powder is used as 
a starting material for Sample d. 

[0205] The powder subjected to heat treatment at 1 400°C was ground, pressurized and subjected to heat treatment 
again at 1400°C. For grinding, impact type grinding machine was used and a grinding blade and a grinding room were - 
15 made of a material comprising stainless as a base and subjected to tungsten carbide coating on. the surface thereof to 
make an "abrasion resistant one. This powder is used as a starting material for Sample e. 

[0206] The starting powder for Sample e was further subjected to grind, pressurization and heat treatment at 
1400°C, and the prepared powder is used for Sample f. 

[0207] To the starting powder for Sample f was added 0.1 wt% of Fe powder and mixed to prepare a starting mate- 
20 rial for Sample g. 

[0208] To the starting powder for Sample f was added 0.2 Wt % of Fe powder and mixed to prepare a starting mate- : 
rial for-Sample h. ' ~ : • • - -.' 

[0209] To the starting powder for Sample f was added 1 ;0 wt% of Fe powder and mixed to prepare a starting mate- 
rial for Sample i. - - • . • 

25 [021 0] To 1 00 parts of the respective powders were added 1 0 parts of an organic binder, 3 parts of glycerin and 1 0 * ■" 

parts of water, and the mixture was mixed in a mixer and kneaded by using a kneader. This kneaded material was sub- 
jected to extrusion forming by using an extrusion forming machine.and then, subjected to drying and degreasing. Sub- 
sequently, sintering was carried out in a gas furnace at 1400 to 1500°C to form an air electrode support. A shape of the 
sample for evaluating radial crushing strength and conductivity was an outer diameter of 22 mm, a thickness of 2.0 mm 

30 and a length of 50 mm. A shape of the air electrode for power generating test was an outer diameter of 22 mm, a thick- 
ness of 2.0 mm and a length of 200 mm. : 
[0211] In this experiment, in order to control migration of an Fe component into powder of the starting material, a 
coating of tungsten carbide was carried out to the grinding machine, but the method is not specifically limited to the 
above. It may be a material subjected to hardening treatment by melt spraying or hardening of ceramics. 

35 [0212] With regard to the formed samples, quantitative analysis of an Fe amount was carried out by the I CP emis- 
sion spectroscopic method. As a result, Fe amounts in Sample d, Sample e, Sample f, Sample g, Sample h and Sample 
i were 0.007 wt%, 0.20 wt%, 0.36 wt%, 0.45 wt%, 0.55 wt% and 1.33 wt%, respectively. 

[0213] With regard to the prepared air electrode supports, measurement of a radial crushing strength was carried 
out. i . ■ 1 ■ ' :- . • . ' " . . ' 

to [0214] : By using the air electrode support for the power generating experiments to be formed, a cell was formed in -'*«* ^- 
the same manner as in Example 1 . . 

[0215] The formed cells were subjected to power generating test. By using air as an oxidizing agent, H 2 -i-1 1% H 2 0 
as a fuel, evaluation was carried out at an operation temperature of 1 000°C and a fuel utilizing ratio of 80%. 

as ( Relationship -between Fe 'content and power generating performance) - \ ■< > 

[0216] : In Table 6, an Fe content; cell output density and air electrode support radial crushing strength of the formed 
samples are shown; . • . -. ; ■ , . '• . . . . ; . .:- ~ 



50 

Table 6 



Fe content, cell output density and air electrode support radial crushing strength 


' Sample name 


Fe content/wt% 


Air support radial crush- 
ing strength/MPa 


Cell output density/W/cm 2 


d 


0.007 


2.4 




e 


0.20 


15.6 


0.322 
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Table 6 (continued) 



Fe content, cell output density and air electrode support radial crushing strength 


Sample name 


Fe content/wt% 


Air support radial crush- 
ing strength/MPa 


Cell output density /W/cm 2 


: f 


0.36 


16.6 


0.364 


g . 


0.45 


17.3 


0.289 


h 


0.55 


18.2 


0.139 




1.33 


18.9 


Formation of cell impossible 



[0217] It was found that when the Fe content is increased, the cell output density is lowered. As the output density 
of SOFC, 0.2 W/cm 2 or more is preferred. When the Fe content exceeds 0.5 wt%, it is impossible to obtain an output 
j 5 density of 0.2 W/cm 2 or more. With regard to Sample i wherein the Fe content is 1 .33 wt%, cracks occur during the for- 
mation of a cell so that it was impossible to obtain a cell to carry out the power generating evaluation. Also, it can be 
found that if the Fe content is 0.4 wt% or less, a high output density of 0.3 W/cm 2 or more can be obtained. 

(Relationship between Fe content and air electrode support radial crushing strength) 

20 

[0218] , ■ It was found that when the Fe content is increased, the radial crushing strength of the air electrode support 
is increased. As the radial crushing strength of the air electrode support for SOFC, it is preferable to be 1 5 MPa or more. 
With regard to Sample d wherein the Fe content is 0.007 wt%, the radial crushing strength is 2.4 MPa so that it is not 
preferred as an air electrode support for SOFC. From the above results, the Fe content in lanthanum manganite is pref- 

25 erably 0.01 wt% or more. 

[0219] With regard to the prepared sintered samples, SEM/EDX analyses were carried out but an Fe enriched por- 
tion cannot be observed in the particles. of the sintered body comprising lanthanum manganite. Since Fe becomes a 
solid solution in an Mn cite of lanthanum manganite, the Fe. content in lanthanum manganite of the present invention is 
considered to be a sum of Fe which is present in the Mn cite as a solid solution in (Ln 1 _ x M x ) 1 _ a Mn0 3 and a minute 

30 amount of Fe remained in the particles of lanthanum manganite. . ' ,; 
[0220] - From (Relationship between Fe content and power generating characteristics) and (Relationship between 
Fe content and air electrode support radial crushing strength), it can be found that the Fe content is required to be 0.01 
wt% or more and 0.5 wt% or less. It is preferably 0.01 wt% or more and 0.4 wt% or less, more preferably 0.2 wt%*or 
more and 0.4 wt% or less. 

35 $ 

Example 5 

[0221] To 100 parts of (La^ 75 Sr 0 25)0.99 Mn0 3 powder (average grain size of 30 u/n: 90%, 0.5 u/n: 10%) prepared 
by the thermal decomposition method were added 10 parts of an organic binder, 3 parts of glycerin and 10 parts of 
40 water and the mixture was kneaded. This material was subjected to extrusion forming with a pressure of 30 kgf/crn 2 and 
at 5°C to obtain a pipe shaped formed material having an outer diameter of 26 mm, a thickness of 2.2 mm and a length 
of 1 200 mm. This was dried at 40°C, and then, the binder was removed at 1 75°C. 

[0222] As a setter, a material comprising high purity alumina (alumina content: 99.5%, density: 85%) in which half- 
round sectional slate grooves with a radius of 1 1 mm had been drilled was prepared. The surface of the grooves were 
*fs subjected to coating with the same powder to be used for preparation of the above-mentioned formed material by the 
slurry coating method with a thickness of 0.5 mm. 

[0223] The above-mentioned formed material was placed on the above-mentioned setter, and the material was 
subjected to lateral sintering at the respective temperatures of 1 300 to 1500°C shown in Table 7 for 10 hours. 

50 
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Table 7 



Relationship between lateral sintering temperature, hanging sintering and bend of sin- 
tered body 


Lateral sintering temper- 
ature (°C) 


Hanging sintering temperature (°C) 




1360 


1410 


1440 


1460 


1510 


1300 


Dropped 


Dropped 


Dropped 


Dropped 


Dropped 


1350 


Dropped 


Dropped 


Dropped 


Dropped 


Dropped 


■ 1400^ 


0.6 mm 


0.3 mm 


0.2 mm 


0.1 mm 


Dropped 


1430 


0.8 mm 


0.5 mm 


0.4 mm 


0.2 mm 


Dropped 


1450 


1 .4 mm 


0.8 mm 


0.5 mm 


0.4 mm 


0.3 mm 


- 1500 


1.8 mm 


1.5 mm 


-0.7 mm 


0.5 mm 


.0.4 mm 



2G [0224] Next, hanging sintering was carried out at the respective temperatures of 1360 to 1510°C shown in said 
Table 7. The dimension of the sintered body after sintering was substantially an outer diameter of 22 mm, a thickness 
of 2.0 mm and a length of 1 100 mm. Their porosities were 28 to 39%. With regard to the formed sintered bodies, their 
bend and roundness were measured. Bend was measured by placing the sintered body on a platen and the maximum 
gap between the sintered body and the platen was measured by using a thickness gauge. Roundness was calculated 

25 from the minimum diameter 4- the maximum diameter x 100 by measuring the maximum diameter and the minimum 
diameter of an outer diameter. The results of sintering are shown in Tables 7 and 8. Dropping means that the sintered 
body has toned and dropped during hanging. 



Table 8 



Relationship between lateral sintering temperature, hanging sintering temperature and 

roundness of sintered body 


Lateral sintering temper- 
ature (°C) 


Hanging sintering temperature (°C) 




1360 


1410 


1440 


1460 


1510 


1300 


Dropped 


Dropped 


Dropped 


Dropped 


Dropped 


1350 


Dropped 


Dropped 


Dropped 


Dropped 


Dropped 


1400 


98% 


99% 


99% 


99% 


Dropped 


1430 


96% 


96% 


98% 


98% 


Dropped 


1450 


96% 


96% 


96% 


97% 


97% 


1500 


95% 


.95% 


95% 


96% 


. 97% - 



[0225] In Tables 7 and 8, at the lateral sintering temperatures of 1300 and 1350°C, the sintered bodies are each * 
dropped during hanging sintering. When the lateral sintering temperature is 1400°C or more, by making the hanging 

50 sintering temperature not less than the lateral sintering temperature, bend is 0.4 mm or less and roundness is 97% or . 
more so that it is possible to satisfy the characteristics. From this experimental results, as sintering conditions of an air 
electrode, supporting tube of a solid electrolyte type fuel cell, it is preferable to make the lateral sintering .temperature . 
1400°C or higher and the-hanging sintering temperature not less than the lateral sintering temperature. 
[0226] Next, examples of the solid electrolyte film of the present invention is explained by Y 2 0 3 doped Zr0 2 (YSZ) 

52 solid electrolyte. 
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Example 6 

(Preparation of YSZ powder) 

5 [0227] By using an aqueous zirconium nitrate solution as a Zr0 2 starting material and an aqueous yttrium nitrate 
solution as a Y 2 0 3 starting material, they were mixed so that Zr0 2 : Y 2 0 3 =90:10 mol% (1 OYSZ) and were sufficiently 
stirred. 

(Preparation of coprecipitation solution) 

w 

[0228] In the present example, sodium hydroxide was used as a coprecipitation solution for synthesizing YSZ pow- 
der, in a vessei was charged pure water, and solid sodium hydroxide was gradually added to pure water while stirring 
to dissolve the so'id. With regard to the amount of an aqueous sodium hydroxide solution, it is preferred to use sodium 
hydroxide with a slightly excessive amount than the stoichiometric ratio so that zirconium ion and yttrium ions are com- 
15 pletely precipitated in the coprecipitation step. An excessive amount at this time was about 5 mol%. 

(Coprecipitation reaction) 

[0229] The YSZ starting material solution was gradually added to the aqueous sodium hydroxide solution while 
20 thoroughly stirring, whereby formation of precipitation was carried out by the coprecipitation method due to neutraliza- 
tion reaction. 

(Washing) 

25 [0230] To remove the sodium ion in the precipitated product, after a supernatant was removed by ultracentrifugator, 

the precipitated product was washed by using a sufficient amount of pure water. In the present example, washing was & 
repeated until the sodium concentration becomes 50 ppm or less. 

(Drying) 

30 

[0231] The sample after washing was dried at 120°C to remove residual water. 
(Rough grinding) 

35 [0232] The sample powdered by drying was roughly ground by a rough grinding machine or mortar, etc. In the * 
present example, by a mortar made of zirconia, the secondary grain size was 100 urn or less. 

(Heat treatment) 

to [0233] The obtained powder was subjected to heat treatment at 500°C to 1 700°C to crystallize and control sintering 
property of the powder. 

(Grain size adjustment) 

45 [0234] The powder subjected to heat treatment was ground by a mortar made of zirconia to have a secondary grain 
size of 100 u,m or less to adjust the grain size for enabling a slurry preparation. 

(Measurement of specific surface area) . 

so [0235] With regard to powders subjected to- heat treatment at the respective temperatures and grinding to 100 p.m * wc 
or less, measurement of BET type specific surface area which is obtained from an amount of a gas physically adsorbed 
to the solid surface was carried out. In Fig. 2 and- Tabled, the relationship between the heat treatment temperature and . . * 

the specific surface area is shown.. - \ . . . ' . ; \ _ l% ■ •■ ' s "•■ 4 < 
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Table 9 



Relationship between heat treatment temperature 
and specific surface area 


Heat treatment tempera- 
lure ^ 


Specific surface area 
(mr/g) 


\ /uu 


0.1 


I uUU 


0.2 


1 oUO 


0.5 


1 4UU 


1 




o 


1200 


5 


1 1 00 


10 


1000 


20 


900 


30: 


800 


40 


700 


50 


600 


60 


500 


100 



[0236} From Ftg 2 and Table 9, it is found that by making the heat treatment temperature higher, the specific sur- 
30 face area becomes small. 

[0237] To make the specific surface area 0.2 m 2 /g to 50 m 2 /g, it may be set the heat treatment temperature to 
700"C to 1600*C 

[0238] To make the specific surface area more preferred value of 2 m 2 /g to 40 m 2 /g, it may be set the heat treatment 
temperature to 800°C to 1 300°C. 

35 

(Preparation of slurry solution) 

[0239] As a solution for slurry, a solvent, a binder, a dispersant and an antifoaming agent are contained. As a sol- 
vent, 60 wt% of ethyl alcohol was mixed with 40 wt% of a terpineol. As a binder, ethyl cellulose was used, as a disper- 
40 sant, polyoxyethylene alkylphdsphate was used and as an antifoaming agent, sorbitane sesquioleate was used. A 
mixing ratio in the solution was made solvent:binder:dispersant;antifoaming agent = 93:6.8:0.1:0.1. The mixture was 
stirred by a stirrer for 24 hours. 

(Preparation of slurry) 

45 ...... 

[024O] By using the powders after adjusting grain size, preparation of a slurry was carried out by mixing 30 parts of 
the powder and 70 parts of the above-mentioned solution by using a ball mill for 24 hours. 

(Film formation) - 

so ■ . : ' 

[0241] By using the above-mentioned slurry, on an air electrode substrate having a total length of 1 10O mm, an 
outer diameter of 22 mm and an average pore size. of 1 1. ujn was formed a tight interconnector and sintered, and then, 
film formation of a YSZ film was carried out by the dipping method on the substrate on which the air electrode material 
and a YSZ complex powder are formed. As the dipping method, the substrate was inserted into an apparatus in which 
55 the slurry was filled at a speed of 50 mm/sec, and taken out at a drawing spe d of 1 0 mm/sec to 10000 mm/sec. After 
dipping, the substrate was dried at 1 00°C, and then, dipping and drying.were r peated so that an average film thickness, 
of the YSZ film became about 50 um v t . . 

[0242] ' ^ Also, a cell in which neither ah air eiectrode material nor a/YSZ composite powder was formed before form- 
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ing the YSZ film was prepared for comparing an output. 
(Sintering) 

5 [0243] Film-formed sample was sintered at 1500°C for 5 hours. 
(Evaluation of film thickness) 

[0244] With regard to the samples after sintering, film. thickness was measured with a distance of 1 00 mm intervals 
io to the longitudinal direction of the samples. As the measurement method, the section of the sample was actually meas- 
ured by using an electron microscope. In Fig. 3. film thickness of the YSZ section to the longitudinal direction of thff 
samples at the respective drawing speeds are shown. Incidentally, in Fig. 3, the position of 0 mm of the cell to the lon- 
gitudinal direction is a bottom side of the sample, and the position at 1000 mm is the upper side of the sample. 
[0245] From the results of this Example, it is found that as the sample is slowly drawing from the slurry, thickness 
75 difference to the upper and lower direction can be decreased. 

[0246] In drawing of the samples at 10 mm/sec carried out in this Example, the thickness difference of the upper 
and lower portions with a length of an upper and lower direction of 1 000 mm can be controlled to 1 .1 -fold or so. 
[0247] In the above-mentioned samples, the reason why the thickness difference of the upper and lower direction 
can be decreased by drawing the sample slowly from the slurry is that flowing of the slurry adhered to the substrate from 
20 the upper portion to the bottom portion can be restrained. 

(Evaluation of tightness) . . . . ... 

[0248] With regard to the samples after sintering, a gas permeation amount was measured under the pressure dif- 
25 ference of 1 kgf/cm 2 with a nitrogen gas. In Fig. 4 and Table 10, a relationship between the specific surface area of the 
powder used for the YSZ slurry and the gas permeation coefficient is shown. 



Table 1 0 



50 



Relationship between specific surface area of the 
powder used for YSZ slurry and gas permeation 
coefficient 


specific surface area 
(m 2 /g) 


gas permeation coeffi- 
cient (m 3 skg" 1 ) 


0.1 


6 x 1 0 8 


0.2 


1x10" 9 


0.5 


1 x10" 10 


1 


1 x 10 11 


2 


5x10" 13 


5 


6 x 10" 14 


10 


3x10* 14 


20 


1 x io; 14 


30 


1.5 x 10" 14 


40 


2 x 10' 12 


■ 50 


5 x 10" 10 


60 


1 x 10' 8 


100 . . ■ 


5 x 10" 8 



[0249] When the powder having the specific surface area of 0.2 to 50 m 2 /g was used, the gas permeation coeffi- 
cient became 1 x 10~ 9 m 3 • s • kg" 1 or less. When the powder haying the specific surface area of 0.1 m 2 /g or less was 
used, it became 6 x 10" 8 m 3 • s* kg' 1 which was substantially the' same as the gas permeation coefficient of the sub- 
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strate. Also, when the powder having the specific surface area of 50 m 2 /g or more was used, cracks occurred in the YSZ 
film and the gas permeation coefficient was abruptly increased. 

(Formation of cell for power generation test) 

5 

[0250] On the substrate in which film formation until the above-mentioned YSZ film had been carried out was 
formed a NiO/YSZ base fuel electrode film and sintered. 

(Evaluation of power generation characteristics) 

w 

[0251] The above-mentioned respective cells for power generation test were subjected to reduction treatment 
under a 5% hydrogen-nitrogen atmosphere at 1000°C, and then, cell characteristics evaluation was carried out under 
the conditions at a current density of 0.3 A/cm 2 , by using a fuel; 11% H 2 0-89% H 2 with a fuel utilization ratio of 80%, 
an oxidizing agent; air with a air utilization ratio of 25%. In Fig. 5 and Table 11 , a relationship between the gas perme- 
15 ation coefficient and power generation output density of the YSZ film in which the air electrode material and the YSZ 
complex powder had been formed before the YSZ film formation is shown. 



Table 1 1 



Relationship between gas permeation coefficient 
and electricity generation output density of YSZ film 


Gas permeation coeffi- 
cient (iti 3 skg" 1 ) 


Electricity generation 
output density (Won 2 ) 


6 x 1 0" 8 


0.02 


5 x 1 0" 8 


0.02 


1 x 10' 8 


0.05 


1 x 1 0~ 9 


0.22 


5x10' 10 


0.26 


1 x 10" 10 


0.30 


1 x 10' 11 


0.31 


2x 10~ 12 


0.31 


5 x 10" 13 


0.32 


6x 10~ 14 


0.32 


3x10" 14 


0.33 


1.5 x 10" 14 


0.34 


1 x 10~ 14 


0.35 



45 [0252] When the gas permeation coefficient of the YSZ film is 1 x 1 0' 9 m 3 • s • kg' 1 or less, rt showed a high output 
density of 0.2 W/cm 2 or more. Also, when the gas permeation coefficient is 1 x 10" 11 m 3 *s • kg" 1 or less, it showed an 
extremely high output density of 0.3 W/cm 2 or more. 

[0253] On the other hand, when the air electrode material and the YSZ composite powder were not formed as a 
film before the formation of the YSZ film, the cell .output is lowered 5% to 15% or so as compared to the case where the 
so film isjormed. ..... .v: .. .. .. . 

[0254] Next, Examples of the present invention directed to a fuel electrode will be explained. 

Example 7 Film-formed material using green compact without effecting calcinations 

55 (Preparation of composite powder) - ' '* • V~ '' ■ v 

[0255] " By using an aqueous yttrium • zirconium nitrate solution-* (containing 8 moI% of Y 2 0 3 ) as a YSZ starting 
material and an aqueous nickel nitrate solution as a NiO starting 'material* they were mixed so that YSZ and NiO'were 
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2:8 in a molar ratio and were sufficiently stirred. 
(Preparation of coprecipitation solution) 

5 [0256] In the present example, an aqueous oxalic acid solution was used as a coprecipitation solution. In a vessel 
was charged pure water, and pure water was heated to about 80°C. While stirring this hot water, crystal of oxalic acid 
dihydrate was gradually added to the hot water to dissolve the crystal and the solution was maintained at 70°C to 90°C. 
With regard to the amount of an aqueous oxalic acid solution, it is preferred to use oxalic acid with a slightly excessive 
amount than the stoichiometric ratio so that metal ions are completely precipitated in the coprecipitation step. An exces- 

w sive amount at this time was made about 5 mol%. 

(Coprecipitation reaction) 

[0257] The starting material solution (NiO/YSZ composite solution) heated to 70°C to 90°C was gradually added to 
15 the aqueous oxalic acid solution while thoroughly stirring, whereby formation of precipitation was carried out by the 
oxalic acid coprecipitation method. 

(Drying) 

20 [0258] A vessel made of Teflon was left at rest in a drying machine, and water content and nitric acid in the copre- 
cipitate were evaporated by feeding hot air of 120°C. 

(Thermal decomposition) 

25 [0259] The sample after drying was subjected to heat treatment at 500°C for 5 hours to remove the remaining nitric 
acid component and oxalic acid. 

(Grinding) 

30 [0260] The sample powdered by thermal decomposition was subjected to grain size adjustment by a rough grinding 
machine or mortar, etc. In this experiment, secondary grain size was 180 urn or less by a mortar made of alumina. 

(Calcination) 

35 [0261 ] To crystallize the resulting powder, a heat treatment at 700°C for 1 0 hours was carried out. 
(Compression of powder) 

[0262] To make the powder carried out calcination treatment green compact, a load was applied by a monoaxial 
40 pressing machine or hydrostatic pressure forming machine. In this experiment, a load of 3 kgf/mm 2 was applied by a 
monoaxial pressing machine to obtain a green compact. 

(Heat treatment) 

45 [0263] The green compact was subjected to heat treatment at 1500°C for 5 hours to obtain a sintered body. 

(Classification) ■? ; 

[0264] ; The sintered body was subjected to grinding by using a finely grinding machine, and then, three kinds of 
so powders each having grain size distributions of 0.5 to 5 urn, 1 to 20 fim and 5 to 50 jim were prepared by a classifying 
machine. 

(Preparation of slurry) ■„ ■ . . * . , 

55 [0265] To enhance adhesiveness at the interface between the solid electrolyte (YSZ) film and the fuel electrode, in 
the compositions having NiO content of 30 mol% and 50 mol%, by using powders to which only calcination treatment 
at 800°C and 1 100°C had been applied or the above-mentioned three kinds of classified powders, 20 parts of a solvent, 
5 parts of a dispersant, 0.5 part of a surfactant, 0.5 part of an antifoaming agent and 1 part of a binder were mixed with 
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1 0 parts of the powder, slurries for coating were obtained. 

(Film formation) 

5 [0266] By using the above-mentioned slurry of NiO/YSZ composite powder, on a substrate in which an interconnec- 
tor and an electrolyte film had been formed on a La 0 .75Sr 0 _ 2 5MnO 3 air electrode support, a film formation was carried 
out by the dipping method so that the calcination treatment powder at 800°C and 1 1 00°C were each coated to have a 
thickness of about 1 0 ujti and three kinds of powders to have a thickness of 0.5 to 5 ujn, 1 to 20 u.m and 5 to 50 jim and 
subjected to powder compression treatment became thickness of about 30 jam, 40 u,m and 50 u.rn, respectively. 

10 

(Sintering) 

[0267] Film-formed samples were sintered at 1500°C for 5. hours. Incidentally, the samples may be sintered under 
a reductive atmosphere. 1 ■ • 

(Evaluation of power generation characteristics) 

[0268] By using the above-mentioned cells, they were firstly reduced under 3% H 2 -N 2 atmosphere at 1 000°C x 1 0 
hours. As a result of evaluating power generation under the operation conditions of a fuel; 11% H 2 0-89% H 2 , an oxidiz- 
es ing agent; 4-fold equivalent of air, a fuel utilization ratio; 40% and a temperature of 1000°C, it showed a high output of 
the maximum output, 0.51 W/cm 2 . Thus, it can be confirmed that it is higher than the maximum output (about 0.42 
W/cm 2 ) of the cell prepared by using powder subjecting to no powder compression treatment of the conventional pow- 
der mixture. ; 

25 (Durability test) 

[0269] Under the above-mentioned conditions, operation was carried out continuously for 1 000 hours, and change 
in the cell output after 1000 hours was examined. Three kinds of powders having different grain size distribution were 
prepared from the starting material subjected to powder compression treatment. Change in cell potential per 1000 
30 hours of the cells formed by using these powders showed that was 0.2%-decrease. On the other hand, change in cell 
potential per 1 000 hours of the cell formed by using powder subjecting to no powder compression treatment of the con- 
ventional powder mixture was 1 .4%-decrease. Thus, it can be confirmed that it is possible to form a cell excellent in 
durability by using a fuel electrode powder subjected to powder compression treatment. 

35 Example 8: Film-formed material using green compact subjected to calcination 

Example 8-1 : The case in which calcination is carried out under air atmosphere 

(Preparation of composite powder) ..." 
40 . . - 

[0270] By using an aqueous yttrium * zirconium nitrate solution (containing 8 mol% of Y 2 0 3 ) as a YSZ starting 
material and an aqueous nickel nitrate solution as a NiO starting material, they were mixed so that YSZ and NiO were 
2:8 in a molar ratio and were sufficiently stirred. 

45- (Preparation of coprecipitation solution) - 

[0271] In the present example, an aqueous oxalic acid solution was used as a coprecipitation solution. In a- vessel 
- was charged pure water, and pure water was heated to about 80°C. While stirring this hot water, crystal of oxalic acid 
dihydrate was gradually added to the hot water to dissolve the crystal and the solution was maintained at 70°C to 90°C. 
so With regard to the amount of an aqueous oxalic acid solution, it is preferred to use oxalic acid with a slightly excessive 
amount than the stoichiometric ratio so that metal ions are completely precipitated in the coprecipitation step. An exces- 
sive amount at this time was made about 5 mol%. r - - : ' : * .... . - ■-. 

(Coprecipitation reaction) 

55 ...... 

[0272] The starting material solution (NiO/YSZ composite solution) heated to 70°C to 90°C was gradually added to 
the aqueous oxalic acid "solution while thoroughly stirring, whereby 1 formation of precipitation was carried out by the 
oxalic acid coprecipitation method. 
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(Drying) 



[0273] A vessel made of Teflon was left at rest in a drying machine, and water content and nitric acid in the copre- 
cipitate were evaporated by feeding hot air of 120°C. 

(Thermal decomposition) 



[0274] The sample after drying was subjected to heat treatment at 500°C for 5 hours to remove the remaining nitric 
acid component and oxalic acid. 

10 

(Grinding) 



[0275] The sample powdered t 
machine or mortar, etc. In this experiment, secondary grain size was made 1 80 u.m or less by a mortar made of alumina. 

(Calcination) 



[0276] The resulting powders were each carried out heat treatment under air atmosphere at a temperature of 
500°C to 1 400°C for 1 0 hours. 
20 , 
(Compression of powder) 

[0277] To make the powder carried out calcination treatment green compact, a load was applied by a monoaxial 
pressing machine or hydrostatic pressure forming machine. In this experiment, a load of 1000 kgf/mm 2 was applied by 
25 a hydrostatic pressure forming machine to obtain a green compact. 



Example 8-2: The case in which calcination is carried out under reductive atmosphere 
(Preparation of composite powder) 

30 • 
[0278] By using an aqueous yttrium •zirconium nitrate solution (containing 8 mol% of Y 2 0 3 ) as a YSZ starting 
material and an aqueous nickel nitrate solution as a NiO starting material, they were mixed so that YSZ and NiO were 
2:8 in a molar ratio and were sufficiently stirred. 



35 (Preparation of coprecipitation solution) 



[0279] In the present example, an aqueous oxalic acid solution was used as a coprecipitation solution. In a vessel 
was charged pure water, and pure water was heated to about 80°C. While stirring this hot water, crystal of oxalic acid 
dihydrate was gradually added to the hot water to dissolve the crystal and the solution was maintained at 70°C to 90°C. 
40 With regard to the amount of an aqueous oxalic acid solution, it is preferred to use oxalic acid with a slightly excessive 
amount than the stoichiometric ratio so that metal ions are completely precipitated in the coprecipitation step. An exces- 
sive amount at this time was made about 5 mol%. 

(Coprecipitation reaction) 

as 

[0280] The starting material solution (NiO/YSZ composite solution) heated to 70°C to 90°C was gradually added to 
the aqueous oxalic acid solution while thoroughly stirring, whereby formation.of precipitation was carried out by the 
oxalic acid coprecipitation method. 

50 (Drying) 

[0281] A vessel made of Teflon was left at rest in a drying machine, and water content and nitric acid in the copre- 
cipitate were evaporated by feeding hot air of 120°C. 



55 (Thermal decomposition) 

[0282] The sample after drying was subjected to heaUreatment at 500°C for 5 hours to remove the remaining nitric 
acid component and oxalic acid. 
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(Grinding) 

[0283] The sample powdered by thermal decomposition was subjected to graininess adjustment by a rough grind- 
ing machine or mortar, etc. In this experiment, secondary grain size was made 180 u.m or less by a mortar made of alu- 
5 mina. ... 

(Calcination) 

[0284] The resulting powders were each carried out heat treatment under 3%H 2 -N 2 reductive atmosphere at a tem- 
w perature of 500°C to 1400°C for 10 hours. 

(Compression of powder) 

[0285] . To make the powder carried out calcination treatment green compact, a load was applied by a monoaxial 
15 pressing machine or hydrostatic pressure forming machine. In this experiment, a load of 1 000 kgf/mm 2 was applied by 
a hydrostatic pressure forming machine to obtain a green compact. 

(Heat treatment). 

20 [0286] The green compacts obtained in the case of subjecting to calcination under air atmosphere and in the case 
of subjecting to calcination under reductive atmosphere were subjected to heat treatment at a temperature of 500°C to 
1400°C each for 10 hours in the case of air atmosphere to prepare NiO/YSZ composite powders. Also, in the case of 
3%H 2 -N 2 reductive atmosphere, heat treatment was carried out at a temperature of 500°C to 1 400°C each for 1 0 hours 
in the case of air atmosphere to prepare NiO/YSZ composite powders. 

25 "... . . 

(Grinding • Classification) 

[0287] The above-mentioned powders each subjected to heat treatment were subjected to grinding and classifica- 
tion to prepare three kinds of powders each having grain size distributions of 0.5 ujti to 5 u.m, 1 to 20 u.m and 5 to 50 ujn. 

30 

(Preparation of slurry) 

[0288] To enhance adhesiveness at the interface between the solid electrolyte (YSZ) film and the fuel electrode, in 
the compositions having NiO content of 30 mol% and 50 mol%, by using powders to which only calcination treatment 
35 at 800°C and 1100°C had been applied or the above-mentioned each three kinds of classified powders, 20 parts of a 
solvent, 5 parts of a dispersant, 0.5 part of a surfactant, 0.5 part of an antifoaming agent and 1 part of a binder were 
mixed with 10 parts of the powder, slurries for coating were obtained. Viscosities of said slurries were each 110 cps, 
1 00 cps, and 90 cps, 80 cps and 60 cps. 

40 (Film formation) 

[0289] By using the above-mentioned slurry of NiO/YSZ composite powder or the slurry of Ni/YSZ composite pow- 
der, on a tight YSZ substrate, a film formation was carried out by the dipping method so that the calcination treatment 
powder at 800°C and 1 100°C were each coated to have a thickness of about 1 0 jim and three kinds of slurries to have 
45 a thickness 0.5 fim to 5 p.m, 1 to 20 jiim and 5 to 50 ujti became thickness of about 30 |am, 40 ujn and 50 ujrt, respec- 
tively. . .. . . 

(Sintering) 

so [0290] Film-formed materials prepared by using the above-mentioned slurry of NiO/YSZ composite powder or the 
slurry of Ni/YSZ composite powder were sintered at 1500°C for 5 hours. Also, with regard to the film-formed materials 
prepared;by using the slurry of Ni/YSZ composite powder, sintering was carried out under a . reductive atmosphere at 
1400°Cfor5.hours. . . „ ; . . . : \. 

55 (Evaluation of conductivity) ' 



[0291] The above-mentioned NiO/YSZ film and Ni/YSZ film thus formed were reduced in 5% H 2 -N 2 atmosphere at 
1000°C x 5 hours, and then, conductivity thereof was measured in 11% H 2 0-89% H 2 at 1000°C by the direct current 
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four-terminal method. 
(Durability test) 

5 [0292] Under the above-mentioned conditions, operation was carried out continuously for 1000 hours, and change 
in the cell output after 1000 hours was examined. 

[0293] Fig. 6, Fig. 7, Fig. 8, Fig. 9, Fig. 10 and Fig. 1 1 are graphs showing the relationship between the heat treat- 
ment temperature and change in conductivity after 1000 hours in the difference of the calcination temperature with 
regard to the samples sintered by changing the respective atmospheres of calcination, heat treatment and sintering. 
w [0294] Fig. 6 is a graph showing change in conductivity of heat treated powder using powder calcinated under air 
atmosphere, and the heat treatment is carried out under air atmosphere and sintering of the film-formed material is car- 
ried out under air atmosphere. 

[02S5] Fig. 7 is a graph showing ciianye in conductivity of heat treated powder using powder calcinated under air 
atmosphere, and the heat treatment is reductive atmosphere and sintering of the film-formed material is carried out 
15 under air atmosphere. 

[0296] Fig. 8 is a graph showing change in conductivity of heat treated powder using powder calcinated under 
reductive atmosphere, and the heat treatment is carried out under air atmosphere and sintering of the film-formed mate- 
rial is carried out under air atmosphere. 

[0297] Fig. 9 is a graph showing change in conductivity of heat treated powder using powder calcinated under 
20 reductive atmosphere, and the heat treatment is carried out under reductive atmosphere and sintering of the film- 
formed material is carried out under air atmosphere. 

[0298] Fig. 1 0 is a graph showing change in conductivity of heat treated powder using powder calcinated under air 
atmosphere, and the heat treatment is carried out under reductive atmosphere and sintering of the film-formed material 
is carried out under reductive atmosphere. 
25 [0299] Fig. 1 1 is a graph showing change in conductivity of heat treated powder using powder calcinated under 
reductive atmosphere, and the heat treatment is carried out under reductive atmosphere and sintering of the film- 
formed material is carried out under reductive atmosphere. 

[0300] By subjecting to compression of powder, and as a pretreatment, calcination is carried out under air atmos- 
phere or reductive atmosphere at a temperature of 500°C to 1200°C and as a post-treatment, heat treatment is similarly 

30 carried out under air atmosphere or reductive atmosphere at a temperature of 600°C to 1 200°C, change in conductivity 
after 1000 hours can be improved as compared with the deterioration ratio of 1% of the conventional heat treatment 
powder subjecting no compression of powder. In particular, in the calcination temperature of 800°C to 1200°C and the 
heat treatment temperature of 800°C to 1200°C, further improvement in deterioration ratio can be observed. Moreover, 
in the case of the calcination temperature of 1000°C or less, the heat treatment temperature is set to 1 000°C or higher, 

35 while in the case of the calcination temperature of 1 000°C or higher, the heat treatment temperature is set to 1000?C 
or less, by the combination of the heat treatment temperature and the calcinations temperature mentioned-abbve, 
improvement can be observed. v 

Example 9: Doping of calcium, strontium and magnesium 

40 - 

(Preparation of composite powder) 

[0301] • By using an aqueous yttrium • zirconium nitrate solution (containing 8 mol% of Y 2 0 3 ) as a YSZ starting 
material and an aqueous nickel nitrate solution as a NiO starting material, they were mixed so that YSZ and NiO were 
45 4:6 in a molar ratio. Also, by using calcium nitrate, strontium nitrate and magnesium nitrate as. a calcium, strontium and 
magnesium source, they were doped in amounts of 1 mol% to 50 mol% to the zirconium element in the YSZ and were 
sufficiently stirred. 

(Preparation of coprecipitation solution) 

50 ■. , V ' . . ' ■ ; \ >c. ' • 

[0302] In the present example, an aqueous oxalic acid solution was used as a coprecipitation solution. In a vessel 
was charged pure water, and pure water was heated. to about 80°C. While stirring this hot water, crystal of oxalic acid 
dihydrate was gradually added to the hot waterto dissolve the crystal and the solution was maintained at 70°C to 90°C. 
With regard to the amount of an aqueous oxalic acid solution, it is preferred to use oxalic acid with a slightly excessive 

55 amount than the stoichiometric ratio so that metal ions are completely precipitated in the coprecipitation step. An exces- 
sive amount at this time was made about 5 mol%. 
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(Coprecipitation reaction) 

[0303] The starting material solution (NiO/YSZ composite solution) heated to 70°C to 90°C was gradually added to 
the aqueous oxalic acid solution while thoroughly stirring, whereby formation of precipitation was carried out by the 
5 oxalic acid coprecipitation method. 

(Drying) 

[0304] A vessel made of Teflon was left at rest in a drying machine, and water content and nitric acid in the copre- 
io cipitate were evaporated by feeding hot air of 1 20°C. 

(Thermal decomposition) 

[0305] The sample after drying was subjected to heat treatment at 500°C for 5 hours to remove the remaining nitric 
15 acid component and oxalic acid. 

(Grinding) 

[0306] The sample powdered by thermal decomposition was subjected to grain size adjustment by a rough grinding 
20 machine or mortar, etc. In this experiment, a secondary grain size was made 180 jim or less by a mortar made of alu- 
mina. 

(Heat treatment) . . ■ . : : > 

25 [0307] The resulting powders were subjected to heat treatment from 600°C to 1 800°C. 
(Regrinding) 

[0308] The powders subjected to heat treatment were again ground by a mortar made of alumina to have a second- 
30 ary grain size of 1 80 jum or less. 

(Formation of pressed body) 

[0309] To the above-mentioned powders subjected to heat treatment and regrinding was added 1% of PVA, and 
35 pressed bodies having about 50 mm x 5 mm x 5 mm were formed. 

(Sintering) 

[0310] The pressed bodies formed as mentioned above were sintered under the conditions of 1350°C x 5 hours to 
40 obtain sintered bodies. 

(Reduction treatment) 

[0311] Reduction treatment was carried out in 3% H 2 -N 2 atmosphere at 1000°C x 10 hours to reduce nickel oxide 
45 to nickel. 

(Measurement of conductivity) 

[0312] With regard to the pressed bodies subjected to reduction .treatment, measurement of conductivity was car- 
50 ried out under the conditions of 3% water.vapor moistening - hydrogen atmosphere, at 1000°C by the direct current 
four-terminal method. - . / \ 

[0313] Fig. 12, Fig. 13 and Fig. 14 are graphs showing relationships between doped amounts of calcium, strontium 
and magnesium and conductivities of the pressed bodies using powders synthesized by doping a calcium element,' 
strontium element and magnesium element by the coprecipitation: method at the respective heat treatment tempera- 
5.5 tures. In all the three kinds of the doped elements, at the heat treatment temperature of 800°C to 1600°C, conductivity 
was abruptly increased. When the doped amount of the element to be doped was less than 50 mot%* which had been 
examined range, increase in conductivity was observed as compared with the case where no element was doped. In 
particular, at a doped amount of 30 mot% or less, conductivity was markedly increased. 
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Example 10 Doping of cobalt, aluminum, titanium and magnesium 
(Preparation of composite powder) 

5 [0314] By using an aqueous yttrium • zirconium nitrate solution (containing 8 mol% of Y 2 0 3 ) as a YSZ starting 
material and an aqueous nickel nitrate solution as a NiO starting material, they were mixed so that YSZ and NiO were 
4:6 and 3:7 in a molar ratio. Also, by using cobalt nitrate, aluminum nitrate and magnesium nitrate as a cobalt, aluminum 
and magnesium source, and by using titanium chloride as a titanium source, they were doped in range of 0 mol% to 60 
mol% each as an oxide to NiO and were sufficiently stirred. 

w 

(Preparation of coprecipitation solution) 

[0315] in the present exampie, an aqueous oxaiic acid solution was used as a coprecipitation solution. In a vessel 
was charged pure water, and pure water was heated to about 80°C. While stirring this hot water, crystal of oxalic acid 
15 dihydrate was gradually added to the hot water to dissolve the crystal and the solution was maintained at 70°C to 90°C. 
With regard to the amount of an aqueous oxalic acid solution, it is preferred to use oxalic acid with a slightly excessive 
amount than the stoichiometric ratio so that metal ions are completely precipitated in the coprecipitation step. An exces- 
sive amount at this time was made about 5 mol%. 

20 (Coprecipitation reaction) 

[0316] The starting material solution (NiO/YSZ composite solution) heated to 70°C to 90°C was gradually added to 
the aqueous oxalic acid solution while thoroughly stirring, whereby formation of precipitation was carried out by the 
oxalic acid coprecipitation method. 

25 : 

(Drying) 

[0317] A vessel made of Teflon was left at rest in a drying machine, and water content and nitric acid in the copre- 
cipitate were evaporated by feeding hot air of 120°C. ' v 

30 

(Thermal decomposition) 

[0318] The sample after drying was subjected to heat treatment at 500°C for 5 hours to remove the remaining nitric 
acid component and oxalic acid. 

35 Z. 

(Grinding) 

[0319] The sample powdered by thermal decomposition was subjected to graininess adjustment by a rough grind- 
ing machine or mortar, etc. In this experiment, a secondary grain size was made 180 jim or less by a mortar made of 
40 alumina. 

(Heat treatment) 

[0320] The resulting powders were subjected to heat treatment each at 800°C and 1500°C. 

45 

(Grinding • Classification) 

[0321] The powders subjected to heat treatment were again ground by a mortar made of alumina to obtain two 
kinds of powders having grain sizes of 2 jum or less and 5 (am to 50 jxm. : j 

50 ■ ... • . ^ r 

(Preparation of slurry) 

[0322] By using the above-mentioned two kinds of powders in which the heat treatment had been carried out, and 
grinding and classification had been carried out, 20 parts of a solvent, 5 parts of a dispersant, 0.5 part of a surfactant, 
55 0.5 part of an antifoaming agent and 1 part of a binder were mixed with 10 parts of the powder, whereby slurries for 
coating were obtained. . 



35 : 

fJNSDOCID. <EP 1081778A1.J_> - . ' r." ___ c 'r> ^frVTJf.v* 




EP 1 081 778 A1 * 

(Film formation) 

[0323] By using the above-mentioned of nickel base/zirconia base composite powders, on a tight YSZ substrate, to 
enhance adhesiveness at the interface between the solid electrolyte (YSZ) film and the fuel electrode, in the composi- 
s tions in which NiO amount was 30 mol% and 50 mol%, film formations were carried out so that powders to which only 
calcination treatment was carried out at 800°C and 1 100°C were each coated to have film thickness of about 10 uxn, 
the slurry using the powder having a size of 2 u,m or less to have a film thickness of 20 \im and the slurry using the pow- 
der having a size of 5 to 50 u,m to have a film thickness of 80 urn, and they were sintered at 1 500°C for 5 hours. 

io (Measurement of conductivity) 

[0324] The above-mentioned nickel base/zirconia base film thus formed was reduced under 3% H 2 -N 2 atmosphere 
at 1 000°C x 1 0 hours, and then, conductivity thereof was measured in 1 1 % H 2 0-89% H 2 at 1 000°C by the direct current 
four-terminal method. .. , • , i, 

15 

(Durability test) 

[0325] The samples prepared under the above-mentioned conditions were operated continuously for 1 000 hours, 
and change in conductivity after 1000 hours was examined. 

20 [0326] Fig; 15, Fig. 16, Fig. 17 and Fig. 18 are graphs showing relationships between doped amounts of a cobalt 
element, an aluminum element, a titanium element and a magnesium element and changes in conductivities after 1000 
hours. In all the four kinds of the doped elements, the deterioration ratio became 0.5% to 0.7% at a doped amount of 1 
mot%, so that they were improved in 30% to 50% as compared with the conventional materials. As a doped amount, 
improvement can be admitted with an amount of 50 mol%, and in particular, remarkable improvement can be admitted 

25 with an amount of 20 mol% or less. 

[0327] . Incidentally, in the present example, doped amounts of a cobalt element, an aluminum element, a titanium 
element and a magnesium element are changed in the range from 0 mol% to 60 mol% to nickel oxide, and the mixture 
was sufficiently stirred. Even if the doped amount of the above-mentioned elements to nickel was changed, the same 
results can be obtained. 

30 

Example 1 1 Coarse powder/fine powder mixture 

(Preparation of composite powder) 

35 [0328] By using an aqueous yttrium - zirconium nitrate solution (containing 8 mol% of Y 2 0 3 ) as a YSZ starting 
material and an aqueous nickel nitrate solution as a NiO starting material, they were mixed so that YSZ and NiO 
became 4:6 and 3:7 in a molar ratio and sufficiently stirred. 

(Preparation of coprecipitation solution) 

40 . , 

[0329] In the present example, an aqueous oxalic acid solution was used as a coprecipitation solution. In a vessel 
was charged pure water, and pure water was heated to about 80°C. While stirring this hot water, crystal of oxalic acid 
dihydrate was gradually added to the hot water to dissolve the crystal and the solution was maintained at 70°C to 90°C. 
With regard to the amount of an aqueous oxalic acid solution, it is preferred to use oxalic acid with a slightly excessive 

45 amount than the stoichiometric ratio so that metal ions are completely precipitated in the coprecipitation step. An exces- 
sive amount at this time was made about 5 mol%. 

(Coprecipitation reaction) . ■ t! ; **..;•■ 

so [0330] . • The starting material solution (NiO/YSZ. composite solution) heated to 70°C to 90°.C was gradually added to 
the aqueous oxalic acid solution while thoroughly stirring, whereby formation of precipitation was carried out by.the 
oxalic acid coprecipitation method. - j ■■ ; * • _ ' - . • : . : : 

(Drying) .. . } - --, ■ ~ •• 3 V; .i.. — ■ . ..... . . t . 

55 ' ' ' 

[0331] A vessel made of Teflon was left at rest. in a drying machine,: and water content and nitric acid in the precip- 
itates were evaporated by feeding hot air of 120°C. \ . ; , . . . • . - ■ , 
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(Thermal decomposition) 

[0332] The sample after drying was subjected to heat treatment at 500°C for 5 hours to remove the remaining nitric 
acid component and oxalic acid. 

5 

(Grinding) 

[0333] The sample powdered by thermal decomposition was subjected to graininess adjustment by a rough grind- 
ing machine or mortar, etc. In this experiment, a secondary grain size was made 180 jum or less by a mortar made of 
w aiumma. 

(Heat treatment) 

[0334] The resulting powders were subjected to heat treatment each at 800°C and 1500°C. 
(Grinding * Classification) 

[0335] The powders subjected to heat treatment were subjected to grinding and classification to obtain powders of 
tire powoers having grain sizes of 0.1 jam to 5 jam, 0.2 (im to 1 0 jam, 0.5 jum to 25 pm and 0.7 |im to 35 jum, and coarse 
;i? powder navmg a grain size of 1 jim to 50 jam. 

( Preparation, o' slurry) 

[0336] With regard to the powder in which the above-mentioned two kinds of the heat treatment had been carried 
out. and gnncJtnq anc j classification had been carried out, each 0 wt% to 60 wt% of fine powder was each mixed with 
the coarse powder, and 20 parts of a solvent, 5 parts of a dispersant, 0.5 part of a surfactant, 0.5 part of an antifoarning 
agent and i part of a binder were mixed with 10 parts of the mixed powder, whereby slurries for coating were obtained. 



30 



(Fttrn formation) 



[0337] On a tight YSZ substrate, to enhance adhesiveness at the interface between the solid electrolyte (YSZ) film 
and tie fuel electrode, in the compositions in which NiO amount was 30 mol% and 50 mol%, film formations were ear- 
ned out so :ha: powders to which only calcination treatment was carried out at 800°C and 1 100°C were each coated to 
have a Mm thickness of about 10 ujm, and coarse powder/fine powder mixed powder of the above-mentioned nickel 
35 base/zirconium base complex powder to have a thickness of 1 00 ujn, and they were sintered at 1 500°C for 5 hours. 

(Measurement of conductivity) 

[0338] The above-mentioned nickel base/zirconia base film thus formed was reduced under 3% H 2 -N 2 atmosphere 
40 at 1 000X x 1 0 hours, and then, conductivity thereof was measured in 1 1 % H 2 0-89% H 2 at 1 000°C by the direct current 
four-terminal method. 

(Durability test) 

45 [0339] . The samples formed under the above-mentioned conditions were operated continuously for 1000 hours, and 
change in conductivity after 1000 hours was examined. 

[0340] Fig 1 9 is a graph showing the relationship between a mixed ratio of fine powder to coarse powder by the 
difference in grain size of the fine powder and a deterioration ratio of conductivity after 1000 hours according to the 
embodiment of the present invention. 
50 [0341] . From Fig. 1 9, it is found that the deterioration ratio is decreased (in the case of the same, it is 1 %) by mixing 
powders having different grain sizes. 

[0342] A mixing ratio of the fine powder to the coarse powder is preferably more than 0 wt%~and less than 30 wt% 
from Fig. 1 9. 

[0343] More preferably, the mixing ratio of the fine powder to the coarse powder is more than 0 wt% to 1 0 wt% from 
55 Fig. 19. 

[0344] ' In the above-mentioned mixing ratio, in the cases of the grain size ration of the mixed powder that the fine 
powder having 0.1 ujn to 5 u/n, 0.2 |im to 10 jim and 0.5 u.m to 25 jim mixed to the coarse powder having-1 fim to 50 
um, decrease in the deterioration ratio is large so that the ratio of grain sizes of the mixed powder is preferably set to 
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1/2 or less in the above-mentioned mixing ratio. 

[0345] From Fig. 19, by adjusting the grain size of the fine powder, the mixing ratio of the fine powder can be 
increased. 

[0346] Grain size of the fine powder is regulated in the range of 0.2 to 35 jim, and the fine powder can be made 
5 more than 0 wt% to 40 wt% or less to the coarse powder. 

[0347] Grain size of the fine powder is regulated in the range of 0.5 to 25 jim, and the fine powder can be made 
more than 0 wt% to 60 wt% or less to the coarse powder. 

Example 12 Reduction sintering 

10 

(Preparation of composite powder) 

[0348] An aqueous yttrium • zirconium nitrate solution (containing 1 0 mol% of Y 2 0 3 ) as a YS2 starting material and 
an aqueous nickel nitrate solution as a NiO starting material were mixed so that YSZ and NiO were 8:2, 5:5 and 2:8 in 
75 mol ratio to form three kinds of compositions and sufficiently stirred, respectively. 

(Preparation of cop recipitation solution) 

- [0349] In the present example, an aqueous oxalic acid solution was used as a cop recipitation solution. In a vessel 
20 was charged pure water, and pure water was heated to aboat 80°C. While stirring this hot water, crystal of oxalic acid 
dihydrate was gradually added to the hot water to dissolve the crystal and the solution was maintained at 70°C to 90°C. 
With regard to the amount of an aqueous oxalic acid solution, it is preferred to use oxalic acid with a slightly excessive 
amount than;the stoichiometric ratio so that metal ions are completely precipitated in the coprecipitation step. An excess 
sive amount at this time was made about 5 mol%. 

25 

(Coprecipitation reaction) 

[0350] The starting material solution (NiO/YSZ composite solution). heated to 70°C to 90°C was gradually added to 
the aqueous oxalic acid solution while thoroughly stirring, whereby formation of precipitation was carried out by the 
30 oxalic acid coprecipitation method. 

(Drying) 

[0351] A vessel made of Teflon was left at rest in a drying machine, and water content and nitric acid in the precip- 
es State were evaporated by feeding hot air of 1 20 °C. 

(Thermal decomposition) 

[0352] . The sample after drying was subjected to heat treatment at 500°C for 5 hours to remove the remaining nitric 
40 acid component and oxalic acid. . \ 

(Grinding) 

[0353] The sample powdered by thermal decomposition was subjected to grain size adjustment by a rough grinding 
45 machine or mortar, etc. In this experiment, a secondary grain size was made 1 80 urn or less by a mortar made of alu- . 
mina. 

(Calcination) 

so [0354] - To crystallize the resulting powder, heat treatment. was carried out at 700°C for 10 hours. ; 

(Heat treatment, and grain size adjustment) : * * ■ ' .' j . ■■ ...... .•*:;.■: - . v •: . 

[0355] At the electrolyte interface, powder with low NiO content and having fine grain size distribution was used and . 
55 at the upper layer thereof, to gradually increase the NiO content and make grain size distribution large, the 
YSZ/NiO=80/20 mol% composition was subjected to heat. treatment at 800°C t and then, ground up to 1 urn or less. 
Also, with regard to the YSZ/NiO=50/50 mol% composition, the powder was subjected to heat treatment at 1 200°C, and 
then, ground and classification to have a grain size of 0.5 ^im to 20.|im. Also, with regard to the YSZ/NiO=20/80 mol% 
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composition, the powder was subjected to heat treatment at 1600°C, and then, ground and classification to have a grain 
size of 2 jim -to 60 ujti. 

(Preparation of slurry) 

s 

[0356] With respect to the powder of 1 (irn or less, the powder of 0.5 u.m to 20 ujti and the powder of 2 ujti to 60 
ujti, 20 parts of a solvent, 5 parts of a dispersant, 0.5 part of a surfactant, 0.5 part of an antifoaming agent and 1 part 
of a binder were mixed with 10 parts of the respective powders to obtain slurries for coating. 

io (Film formation) 

[0357] By using the above-mentioned slurries of NiO/YSZ composite powders, on a substrate in which an intercon- 
nector with a La 0 7 Ca 0 3 Cr0 3 composition and a YSZ solid electrolyte film were formed on a tubular air electrode sup- 
port with a La 0 75 Sr 0 25 Mn0 3 composition one side of which is encapsulated, a film was formed by a slurry using the 
15 NiO/YSZ composite powder having a graininess of 1 ujti or less with a thickness of about 20 uxn, then, a film was formed 
thereon by a slurry using the NiO/YSZ composite powder having a grain size of 0.5 ujti to 20 ujti with a thickness of 
about 40 um, and a film was further formed thereon by a slurry using the NiO/YSZ composite powder having a graini- 
ness of 2 |um to 60 u.m with a thickness of about 80 um, each by the dipping method. 

20 (Drying) 

[0358] In the above film formations, after film formation by the respective dipping methods, drying was carried out 
at room temperature for 2 hours, 50°C for 2 hours, and 1 50°C for 2 hours, then cooled to room temperature, and film 
formation at the next step was carried out. 

25 

(Sintering) 

[0359] By using a high temperature type electric furnace having a furnace core tube in which a tight alumina pipe 
was maintained to the perpendicular direction, a film-formed sample (cell) was set so that the encapsulated portion 
30 came to the bottom side, an alumina tube was inserted into the inside of an air electrode tube through which air was 
flown into an air electrode. Also, to make the outside of the sample of the film-formed body a reduced atmosphere, a 
hydrogen gas containing 40°C saturated steam was flowing from the bottom portion of the sample of the film-formed 
body, and the temperature was raised at a sintering speed of 150°C/hr and sintering was carried out at 1300°C for 5 
hours. 

35 [0360] The reason why when a film of a Ni/oxide composite film is formed, a side containing Ni and/or NiO of a yttria 
stabilized zirconia solid electrolyte thin film is made a reductive atmosphere and a side containing LaMn0 3 base air 
electrode of a yttria stabilized zirconia solid electrolyte thin film is made an oxidative atmosphere and sintering is carried 
out, is that at the side containing Ni and/or NiO, it is to maintain the state of metal Ni without oxidizing Ni or to reduce 
NiO to metal Ni, and at the side containing the LaMn0 3 base air electrode, it is to prevent from forming La 2 0 3 or Mn0 2 

40 by the decomposition of the LaMn0 3 base air electrode. 

(Microscopic observation of cell after sintering) 

[0361] With regard to the fuel electrode film of the cell after sintering, observation by microscope was carried out. - 
45 As a result, it was confirmed that no failure portion such as crack, etc., was observed in the fuel electrode film. : 

(Evaluation of power generation performance) 

[0362] By using the above-mentioned cells, they were firstly raised the temperature up to 1000°C under 3% H 2 -N 2 
5C atmosphere. Also, with regard to evaluation of power generation performance, under the operation conditions of a fuel; 
1 1% H 2 0-89% H 2 , an oxidizing agent; 4-fold equivalent of air, a fuel utilization ratio; 40% and a temperature of 1 000°C, 
evaluations were carried out. As a result, it showed a high output of the maximum output 0.5 W/cm 2 . 

(Durability test) - 

55 ' ' 

[0363] Under the above-mentioned conditions; operation was carried out continuously for 1000 hours, and change 
in the output after 1000 hours was examined. As a result, change in the cell potential per 1000 hours was 0.2%- 
decrease. On the other hand, change in cell potential per -1000 hours of the cell formed by sintering the fuel cell elecr 
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trode under the conventional air atmosphere was about 1 .4%-decrease. Thus, it can be confirmed that it is possible to 
form a cell excellent in durability by sintering the fuel electrode film under a reductive atmosphere. 

(Microscopic observation of cell after durability test) 

5 

[0364] With regard to the fuel electrode film of the cell after durability test, observation was carried out by an optical 
microscope and electron microscope. As a result, it was confirmed that failure portion such as crack, etc., was not 
admitted in the fuel electrode film as well as in the fuel electrode of the cell after sintering, a state of aggregating Ni was 
also not observed as compared with the structure of the cell after sintering, and no change in the structure occurred. 
to [0365] Next, Examples of the present invention with regard to an interconnector film is explained. 

Example 13 Formation of Lao^Cao^CrOs tight film 

[0X6] On a porous substrate of Lao 8 Sr 0 2 Mn0 3 (9 as permeation flux: 2000 (m • hr" 1 * atm" 1 )), a ceramics interme- 
tr, diate layer (gas permeation flux: 0.01 to 100 (m • hr" 1 • atm" 1 )) comprising a La 0 qCqq 2 Mn0 3 film was formed and sin- 
tered. The LouHCay yMnOa f'' m was subjected to surface roughening treatment by alumina powder, and then, a tight 
ccamcc film comprising a La^gCa^ 2 Cr0 3 film was formed on the above film and sintered. In the following, detailed 
formatron method is shown. 

w ( Porrrat ion' of La 0fl Ca 0 2 Mn0 3 ceramics intermediate layer) 

(Synrtwtsjs of t Ao ft Oa 02 MnO 3 powder) 

[0367] La (NO ;i )j aq, Ca(N0 3 ) 2 • 4H 2 0 and Mn(N0 3 ) 2 aq were each mixed so that they became predetermined 
25 compDSJtton ratio to prepare an aqueous nitrate containing La, Ca and Mn. incidentally, an oxide content at this time 
was maoe 20 wT°o 

[0366] Separately prepared aqueous oxalic acid solution (with regard to an oxalic acid amount, it is 1 .05-fold to the 
amount of La. Ca and Mn with a stoichiometric ratio) was added to the above-mentioned aqueous nitrate solution and 
the mixture was stirred for about 5 hours. After stirring, the mixture was dried at 120°C to evaporate water content, and 
30 thermal decomposition at 500°C for 5 hours so that the nitric acid component and the residual oxalic acid were 
removed. Moreover, the powder subjected to thermal decomposition was subjected to calcination treatment, and then, 
ground and classified to become a predetermined grain size whereby powder for a slurry was obtained. 

(Slurry aqueous solution) 

35 

[0369] After mixing 33 parts of cc-terpineol and 100 parts of ethanol, 1.2 parts of ethyl cellulose as a binder, 1 part 
of polyoxyethylene alkylphosphate as a dispersant, and 1 part of sorbitan sesquioleate as an antifoaming agent were 
added to the mixture and mixed to obtain a slurry solution. 

40 (Preparation of coarse powder slurry) 

[0370] To 100 parts of the above-mentioned slurry solution were added 40 parts of coarse powder having a com- 
position of La 0 8 Cao.2Mn0 3 controlled to an average grain size of 2 jum at a calcination temperature of 1300°C and 1 0 
parts of fine powder having a composition of LaQ 8 Ca 0 2 Mn0 3 controlled to an average grain size of 0.5 u,m at a calci- 
45 nation temperature of 1 100°C to prepare, a coarse powder slurry. 

(Preparation of fine powder slurry) - - 

[0371] To 100 parts of the above-mentioned slurry solution were added 20 parts of fine powder having a composi- 
so tion of La 0 8 Ca 0 2 Mn0 3 controlled to an average grain size of 0.5 u,m at a calcination temperature of 1 100°C to prepare 
a fine powder slurry. 

(Formation of La O8 Ca 0 .2|v1nO 3 ceramics intermediate layer) _ ; .*".""".' 

55 [0372] By using the above-mentioned coarse powder slurry and fine powder slurry, a La 0 . 8 Ca({ 2 M n0 3 film having 
a gas permeation flux of 0.01 to 100 (rh • hr* 1 • atm" 1 ) was formed: " 
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(Surface roughening treatment) 

[0373] As the degree of the surface roughening treatment, when the film thickness of the La 0 8 Ca 0 2 Mn0 3 film was 
t1 and the film thickness after the surface roughening treatment was t2, it was (tl -t2)/t1 =0.05 or so. 

5 

(Formation of La 0 8 Ca 0 2 Cr0 3 tight ceramics film) 

(Preparation method of La 0 8 Ca 02 CrO 3 powder) 

w [0374] An aqueous nitric acid solution containing La, Ca and Cr was prepared so as to become Lao 8 Ca 02 Cr0 3 and 
subjected to spray thermal decomposition at 700°C to prepare powder. The prepared powder was further subjected to 
steps of calcination and graininess control to prepare powder for a slurry. 

(Preparation method of powder having low sintering property) 

75 

[0375] A precursor obtained by spray thermal decomposition was calcinated at 1 200°C. The calcinated powder was 
further mechanically ground by a ball mill to make an average grain size of 1 u,m. (Hereinafter referred to as Powder A) 

(Preparation method of powder having high sintering property) 

20 

[0376] A precursor obtained by spray thermal decomposition was calcinated at 900°C. The calcinated powder was 
further mechanically ground by a ball mill to make an average grain size of 0.5 um. (Hereinafter referred to as Powder B) 

(Preparation of slurry solution) 

25 * 

[0377] After mixing 33 parts of cc-terpmeol and 100 parts of ethanol, 1 .2 parts of ethyl cellulose as a binder, 1 part 
of polyoxyethylene alkylphosphate as a dispersant, and 1 part of sorbitane sesquioleate as an antifoaming agent were 
added to the mixture and mixed to obtain a slurry solution. 

so (Preparation of Powder A slurry) 

[0378] To 1 00 parts by weight of the above-mentioned slurry solution was mixed 60 parts by weight of Powder A 
prepared at a calcination temperature of 1200°C to prepare a slurry. 

35 (Preparation of Powder B slurry) 

[0379] To 1 00 parts by weight of the above-mentioned slurry solution was mixed 50 parts by weight of Powder' B 
prepared at a calcination temperature of 900°C to prepare a slurry. 

40 (Dipping method of La 08 Ca 0 2 Cr0 3 film) 

[0380] A film of La 0 8 Ca 0 2 Cr0 3 was formed by the dipping method shown in Table 12. 



Table 12 



Dipping method of La 0 8 Ca 0 2 Cr0 3 film 


Step 


Dipping conditions 


Slurry 


1 


Film formed without pressure difference 


A 


2 


Rim formed with pressure difference (5 atm) 


B 


3 


Film formed with pressure difference (5 atm) 


A 


4 


Film formed with pressure difference (5 atm) 


B 


5 


Film formed without pressure difference 


A 
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(Outline of film forming apparatus) 

[0381] Rlm-formation of the Lao 8 Cao 2 Cr0 3 film was carried out by using a' film-forming apparatus shown in Fig. 
20. With regard to outline of the film-formation, it is explained by referring to Fig. 1. The dipping apparatus 1 of Fig. 20 
5 is constituted by a dipping tank 2, a pressure-reducing apparatus 3 and a pressurizing apparatus 4. The dipping tank 2 
has an oblong tank 5 with a relatively shallow depth. On the tank 5, a lid is removably fitted. Between the tank 5 and the 
lid 6, a means (packing, etc.) for ensuring air-tightness in the dipping tank 2 is provided, in the dipping tank 2, a slurry 
7 is filled with a certain level. 

[0382] On a bottom 8 of the dipping tank 2, a substrate 10 is laid down through two stands 9 at the right and left 
io side. The substrate 10 has a cylindrical shape having a bottom, and the left end is the bottom portion 11 and the right 
end is an opening end 12. An opening end 13 is closed with a stopper 14. Into the center portion of the stopper 14, an 
exhaust tube 15 is inserted. This exhaust tube 15 is connected to an exhaust pump 17 (vacuum pump) through an 
exhaust pipeline 16. When the exhaust pump 17 is operated, air in the substrate 10 is exhausted from an exhaust port 
1 8 of the outlet side of the pump 1 7 through the exhaust tube 1 5 and the exhaust pipeline 1 6 whereby a pressure in the 
15 substrate 10 is reduced. 

[0383] A pressurizing apparatus 19 comprises a pressurizing tube 20, a valve 21 and a gas bomb 22. When the 
valve 21 is opened, a nitrogen gas is fed from the gas bomb 22 through the pressurizing tube 20 into the dipping tank 
2 to pressurize the dipping tank. Incidentally, between the ltd 6 and the pressurizing tube 20, and the exhaust pipeline 
16 are also sealed with a suitable means. 

20 [0384] By using such a dipping apparatus 1 , a slurry coating can be applied to the substrate 1 0 under various pres- 
surizing conditions. Incidentally, the substrate 10 shown in this figure is a cell of a cylindrical type solid electrolyte fuel 
cell. The portions contacting with the stands 9 and 9' cannot be subjected to slurry coating, but there is no problem if 
the position is made a non-film forming portion. Also, the differential pressure apparatus may be an upright shape, and 
the substrate tube is retained in the body. In this case, when the substrate tube is placed in an apparatus, the stands 9 

25 and 9' are. not necessary so that film-formation can be carried.out on the whole surface. 



(Film-forming step) 

[0385] As shown in Fig. 20, a slurry is charged in an apparatus, and a sample was dipped therein for 30 seconds. 
30 After taking out the sample, it was maintained at room temperature for 30 minutes and further dried at 1 00°C for one 
hour. This dipping and drying steps were repeated five times. 

[0386] The five times of the dipping are the steps shown in Table 12. Incidentally, the film-formation without pres- ' 
sure difference shown in Table 12 is a film-formation method in which the sample is dipped in a slurry as such, and in 
the film formation with pressure difference (5 atm), a sample is dipped in a slurry while drawing a vacuum in the tube 
35 and a pressure difference of 4 atm is further applied from the outside of the slurry whereby film-formation was carried 
out while applying total pressure difference of 5 atm to the sample. 

(Sintering) 

40 [0387] .... Sintering was carried out at 1400°C for 10 hours. 

(Evaluation of gas permeation flux of La 08 Ca 02 CrO 3 tight ceramics film) 

A ' ' 

r [0388] Under the conditions of N 2 gas and a pressure difference of 1 atm, a gas permeation flux between the 

45 La 0 8 Sro 2 Mn0 3 film and the Lao 8 Cao 2 Cr0 3 film was measured. to evaluate tightness of the La 0 8 Ca 02 GrO 3 film. \ 

(Results of gas permeation flux of Lao eCao^CrOs tight ceramics film) 

\[0389] In Fig. 21 , the relationship between the gas permeation flux (Q1 ) of the La 0 8 Ca 0 2 Mn0 3 ceramics interme- 
50 diate film and the gas permeation flux (Q2) of the Lao 8 Ca 0 2 Cr0 3 tight ceramics film is shown. The gas permeability of 
the La 08 Cao 2 Cr0 3 film tends to be low as the gas permeability of the La 0 8 Ca 0 2 MnO 3 film is low. Also, when the gas: 
permeation flux of the La 0 . 8 Cao 2 Mn0 3 film is 50 (m • hr' 1 • atm" 1 ) or less, it is found that the gas permeation flux of.the 
La 0 8 Ca 02 CrO 3 film becomes 0.01 ,(rrf*hr' 1 '• atm" 1 ) or v less so that it is found that a gas permeability which is preferred ■" 
to as an interconnector film of SOFC can be ensured.- l ' . -- ■ • " * ~ \ v . 

55 • . - -• • . - - ■ •• ,; . ■ :' ■ - .. • ', . 

Example 14 With respect to surface roughening treatment ■< ' ■. f 

[0390]* Jn.the same manner as in Example 13, on a porous substrate of LaoeSro^MnOs (gas permeation flux: 2000 
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(rrrhr 1 •atm"')), a La 08 Ca 02 MnO 3 ceramics intermediate film (gas permeability flux: 0.01 to 100 (m ■ hr 1 •atm" 1 )) 
was formed and sintered, and then, surface roughening treatment was carried out by alumina powder. Moreover, on the 
film, a Lao 8 Ca 0 2 Cr0 3 tight ceramics film was formed and sintered. 

[0391] As the above-mentioned surface roughening treatment conditions, a film thickness of the Lao gCao^MnC^ 
5 ceramics intermediate film before the surface roughening treatment was controlled to t1 and a film thickness of the 
La 0 8Ca 0 2 MnO 3 ceramics intermediate film after the surface roughening treatment was controlled to t2, and then, on 
the film, a La 0 .8Ca 0 2 Cr0 3 film was formed and sintered, and they were evaluated from peeling of the film after sintering 
and the gas permeation flux. 

w (Peeling test) 

[0392] !n Table 13, the relationship between the surface roughening treatment conditions and peeling of the film 

15 

Table 13 



Relationship between surface roughening conditions and peeling of film 


(t1-t2)/t1 


Gas permeation flux Q3 
after surface roughening 
treatment/(m • hr" 1 • atm" 1 ) 


La 0 .8Cao 2 Cr0 3 film gas 
permeation Q4/(m • hr" 
1 - atm" 1 ) 


Peeling 


No surface roughening . 
treatment 


35 


1.05 


Present 


0.002 


35 


0.63 


Present 


0.005 


36 


0.13 


Only edge portion, peeling is 
present 


0.008 


36 


0.03 


Only edge portion, peeling is 
present 


0.01 


37 


0.007 


None 


0.03 


38 


0.0009 


None 


0.05 


40 


0.0002 


None 


0.10 


42 


0.0002 


None * 


0.15 


45 


0.0008 


None 


0.20 


50 


0.009 


None 


0.25 


65 


0.05 


None 


0.30 


100 


0.35 


None 


0.40 


180 


1-.55 


None 



45 [0393] When La 08 Cao 2 CrO 3 film is formed without applying to the surface roughening treatment, peeling degree 
of the film was remarkable and a tendency that the gas permeability became large couid be admitted. Also, even when 
the surface roughening treatment was carried out, if the treatment was carried out with the degree of (t1 -t2)/t1 <0.01\ 
adhesiveness of the film was poor so that the film was likely peeled off. When (t1-t2)/t1 s0.01 , no peeling of the film 
was admitted. 

50 - . . • - 

(Gas permeation. flux of La 0 3 Ca 0 2 CrO 3 tight ceramics film) 

[0394] ; . in Table 13 and Fig. 22, the results of the gas permeation flux of the Lao.8Ca 0 .2Cr0 3 .film are shown. When 
(t1-t2)/t1 was 0.05 or less, there was a tendency that the gas permeation flux became small could be admitted, and 
05 further, from 0.05 to 0.1 , it was the same degree, and when it exceeded 0.1, there was a tendency that the gas perme- 
ation flux became large could be admitted. Also, when it exceeded 0.2, the gas permeation, flux became larger than 
0.01 (m • hr" 1 • atm" 1 ) so that it was not a tight film, and further, when (t1 -t2)/t1 >0.2 , the tendency that the gas perme- 
ation flux became markedly, large could be admitted;. Tightness. .of the La 0 8 Ca a 2Cr0 3 tight ceramics is markedly Iowt, 
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erecl. This can be estimated that the background La 0 8 Cao 2 Mn0 3 tight ceramics intermediate layer became porous so 
that a sintering aid of La 0 8 Ca 02 CrO 3 was diffused into the background at sintering whereby a tight La 0 8 Cao 2 Cr0 3 film 
could not be obtained. From this viewpoint, it is preferred within the range of 0.01 ^(t1 -t2)/t1 sO.2 . 

5 (Gas permeation flux of La 0 8 Cao 2 Mn0 3 film after surface roughening treatment) 

[0395] In Table 13, the relationship between the gas permeation flux (Q3) of the La 0 8 Ca 02 MnO 3 intermediate layer 
after surface roughening treatment and the gas permeation flux (Q4) of the La 0 8 Ca 0 2 Cr0 3 tight ceramics film is shown. 
From the results, in the gas permeation flux Q3>50 (m • hr~ 1 • atm" 1 ) of the La 0 8 Ca 02 Mn0 3 film after surface rough- 
w ening treatment, the gas permeation flux Q4 of the La 0 oCao 2 Cr0 3 film is >0.01 (m • hr" 1 - atm" 1 ), and for forming a tight 
La 0 8 Ca 0 2 Cr0 3 film, it is preferred that Q3^50 (m • hr" • atm _1 ) after surface roughening treatment. 

Example 15 Film forming conditions under pressure difference of Laq. 8 Ca 0 . 2 CrO 3 tight ceramics film 

is (Film forming method) 

[0396] A film in which a Lao 8 Cao 2 Mn0 3 cejamics intermediate layer having a gas permeation flux 
Q=40 (m • hr" 1 • atm" 1 ) had been formed on a La 0 . 8 Sr 0 .2 MnO 3 (9 as permeation flux: 2000 (m • hr" 1 • atm' 1 )) porous 
substrate was subjected to surface roughening treatment, and then, film formation was carried out by the dipping 
20 method- (steps) shown in Table 1 4. The surface roughening treatment conditions and the other conditions such as sin- 
tering conditions are the same as in Example 13. 



Table 14 



Dipping method (steps) 


Steps 


Dipping method 


1 - 


Film formed without pressure difference 


2 


Film formed with pressure difference 


3 


Film formed with pressure difference 


4 ■ 


Film formed with pressure difference 


5 


Film formed without pressure difference 



35 

(Pressure difference film forming conditions) 

[0397] As shown in Table 15, as the pressure difference "conditions^the test was carried out within the range of 6.5 
40 to 30 atm. Incidentally, as shown in Table 1 4, the pressure difference film forming conditions in the steps 2 to 4 are made 
the same conditions. 



Table 15 



Pressure difference film forming condi- 
tions 


Conditions 


Pressure difference.film 
forming conditions/atm 


1 


0.5 


2 


1 


* " ...3 -r: 


5" \ '. 


4 "/ 


'■ 'aq r.. 


* ■ : 5 


: •. 20 - • 


6 / 


25 " ' 
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Table 15 (continued) 



Pressure difference film forming condi- 
tions 


Conditions 


Pressure difference film 
forming conditions/atm 


7 


30 



io (Gas permeation flux of La 0 8 Ca 0 . 2 CrO 3 tight ceramics film) 

[U398] Under the conditions of N 2 gas and a pressure difference of 1 atm, gas permeation fluxes of the respective 

camnloc \»/aro nioo ci i rc^A 

. ..w.w * . .Wk-WW. wU. 

[0399] In Table 16, the results of gas permeation flux of La 0 gCa 0 2 CrO 3 fjj m are shown. 

75 



Table 1 6 



Gas permeation flux of La a8 Ca 0 2 Gr0 3 film 


Pressure difference film 
forming conditions (atm) 


Gas permeation flux Q5 
of Lag gCao^GrOs 
film/(m • hr" 1 • atm" 1 ) 


0.5 


0.07 


1 


0.01 


5 


. 0.0001 


.. 10 


0.0002 


20 . ... ' 


0.004 


25 


0.03 


30 


0.25 



35 [0400] tn the range of 1 to 20 atm, the results became 0,01 (m • hr" 1 • atm" 1 ) or less, but in other than this ra'rfge, 
they showed larger values than 0.01 (m • hr" 1 • atm" 1 ). From these results, the pressure difference AP in the pressure 
difference film forming is preferably 1 atm^AP^20 atm. 

Example 16 With regard to powder (Powder A) of 8 Ca 0 2 Cr0 3 having low sintering property 
(Preparation of Powder A slurry) 

[0401] To 100 parts by weight of the above-mentioned slurry solution was mixed 60 parts by weight of Powder A 
having a calcination temperature T3 (900 to 1500°C) to prepare a slurry. 

45 

(Preparation of Powder B slurry) 

[0402] To 100 parts by weight of the above-mentioned slurry solution was mixed 60 parts by weight of Powder B 
having a calcination temperature 900°C to prepare a slurry." 

so : " 

(Film formation) — ■ - 

[0403] A film in which a La 0 .8Ga 0 . 2 Mnb 3 ceramics intermediate layer having a gas permeation flux 
Q=40 (m • hr" 1 • atm" 1 ) had been formed on a La&_ 8 Sro\ 2 Mn0 3 (gas permeation flux: 2000 (m -hr" 1 *atm' 1 )) porous 
55 substrate was subjected to surface roughening treatment, and then, film formation was carried out by the dipping 
method (steps) shown in Table 12. The surface roughening treatment conditions and the other conditions such as sin- 
tering conditions are the same as in Example 13. Also, for comparison, film formation (B in Table 12 is film formed by 
A) was carried out only by using Powder A slurry, and.c.Qmpared.wtth Example 16 and investigated. 
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(Gas permeation flux of La 0 8 Cao 2 Cr0 3 tight ceramics film) 

[0404] In Fig. 23 and Table 17, the relationship between the calcination temperature and gas permeation flux of 
Powder A is shown. 

5 



Table 1 7 



Relationship between calcination temperature and gas permeation flux of Pow- 
der A . . .. . 


Calcination temperature 
(°C) 


Example 16 gas perme- 
ation flux Q6 (m • hr 
1 -atm* 1 )- 


Comparative example 1 
gas permeation flux Q7 
(m • hr" 1 • atm" 1 ) 


900 


0.05 


0.06 


1000 


0.001. 


0.008 


1100 


0.0001 


0.03 


1200 " 


0.0001 


0.1 


1300 


0.00.6 . 


0.65 


1400 : 


' 0.01 


1.95 


1500 


0.18 


4.30 



25 - • •• 

[0405] In Example 16, at the calcination temperatures of 900°C and 1500°C, the gas permeation flux values are 
greater than 0.01 so that it is found that when the La 0 8 Ca 0 2 Cr0 3 film is used as an interconnector of SOFC, the range 
of 1000 to 1400°C is preferred. Also, when it is compared with the comparative example, at the lower calcination tem- 
perature conditions, no substantial difference was admitted, but at the calcination temperature of 1100°C or higher, 

30 great difference could be admitted in the gas permeation value whereby it could be found that it was difficult to ensure 
tightness of the film by the formation of a fiim using Powder A only. 

Example 17 Calcination temperature of powder (Powder B) Lag 8 Ca 0 2 CrO 3 having high sintering property 
35 (Preparation of Powder A) 

[0406] By using powder calcinated at 1200°C and having an average grain size of r jxm as Powder A, a slurry was 
prepared in the same manner as in Example 16. 

40 (Preparation of Powder B) 



[0407] By using powder calcinated at s temperature T2 (700 to 1200°C) and having an average grain size of 0.5 ujn 
as Powder A, a slurry was prepared in the same manner as in Example 1 6. 

46 (Film formation) 

[0408] A film in which a Lao. 8 Cao 2 Mn6 3 ' ceramics" intermediate layer having a gas permeation flux 
Q=40 (m • hr" • atm" ) had been formed on a La 0 8 Sr 02 MnO 3 (gas permeation flux: 2000 (m • hr" 1 »atm~ 1 )) porous 
substrate was subjected to surface roughening treatment, and then, film formation was L carried out by the dipping 
so method (steps) shown in Table 12. The surface roughening treatment conditions and the other conditions such as sin- 
tering conditions are the same as in Example 13. Also, for comparison, film formation-fB in Table 12 is film formed by 
A) was carried out only by using Powder A slurry,' and compared with, Ex :ample 17 and investigated. 

(Gas permeation flux of La 0 8 Ca 0 2 CrO 3 tight' ceramics' film) ^ ' i 

55 ' ■ ! ; 

[0409] In Fig. 24 and Table 18, the relationship between the calcination temperature and gas permeation flux of 
Powder B is shown. * * > '* "" ' ' ' > 
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Table 18 



Relationship between calcination temperature and gas permeation flux of Pow- 
der B 


Calcination temperature 
(°C) 


Example 1 7 gas perme- 
ation flux 08 (m • hr" 
1 *atm _1 ) 


Comparative example 2 
gas permeation flux Q9 
(m • hr" 1 • atm" 1 ) 


• 700 


-•0.1 


0.94 


800 


0.003 


0 25 


900 


0 0001 




1000 


0.0003 


0.008 


1100 


0.008 


0.11 


1200 


0.08 


0.75 



20 [0410] In Example 17, at the calcination temperatures of 700°C and 1200°C, the gas permeation flux values are 
greater than 0.01 so that it is found that when the La 0 e Ca 0 2 Cr0 3 film is used as an interconnector of SOFC, the range 
of 800 to 1 100°C is preferred. Also, when it is compared with the comparative example, at the calcination temperatures 
of 900 to 1000°C, no substantial difference was admitted, but at the calcination temperatures other than this range, 
great difference could be admitted in the gas permeation value whereby it could be found that it was difficult to ensure 

25 tightness of the film by the formation of a film using Powder B only. 

Example 18 Grain size effect of Powder A * 
(Film formation) 

30 ... - 

[0411] Powder A calcinated at 1200°C was ground and classified to prepare powder having an average grain size 
(0.05 to 5 u.m). With regard to Powder B, it was made powder calcinated at 900°C and having an average grain size of 
0.5 |im. According to the slurry conditions and film forming conditions as in the respective Examples 15 to 17/a 
La 0 8 Ca 0 2 Cr0 3 tight ceramics film was prepared. From the gas permeation of the La 0 8 Ca 0 2 Cr0 3 film, an effect of the 

35 grain size was investigated. 



(Gas permeation flux of La 0 8 Ca 0 2 Cr0 3 tight ceramics film) 



[0412] In Fig. 25 and Table 1 9, the relationship between the average grain size and the gas permeation flux of Pow- 
40 derAisshown. 



Table 1 9 



Relationship between average grain size and gas 
permeation flux of Powder A 


Average grain size (jam) 


Example 1 8 Gas perme- 
ation flux Q1 0 (rrf • hr" 
; • . 1 - atm' 1 ) 


0.05 : - • • 


0.08 


0,1 


0.004 


0.2 


0.0005 


0.5 


' 0.00003 


1.0 


0.0001 


1.5 


0.001 
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Table 19 (continued) 



Relationship between average grain size and gas 
permeation flux of Powder A 


Average grain size (ujti) 


Example 18 Gas perme- 
ation flux Q1 0 (m • hr" 
1 •atnr 1 ) 


2.0 


0.007 


3.0 


0.08 


4.0 


0.86 


5.0 


3.35 



75 [0413] When the average grain size is within the range of 0.1 to 2ujm, the gas permeation flux value is smaller than 
0.01 so that it can ensure tightness when it is used as an interconnector of SOFC. However, if the average grain size is 
less than 0.1 ujti or larger than 2 ujti, the gas permeation flux value exceeds 0.01 so that it is found that it is difficult to 
ensure tightness as an interconnector of SO FC. . _ 

20 Example 19 Grain size effect of Powder B 

(Film formation) ..... 

[0414] Powder A calcinated at 900°C was ground and classified to prepare powder having an average grain size 
25 (0.05 to 3 |im). With regard to Powder A, it was made powder calcinated at 1200°C and having an average grain size 
of 1 \im. According to the slurry conditions and film forming conditions as in the respective Examples 15 to 17, a 
La 0 8 Ca 0 2 Cr0 3 film was prepared. From the gas permeation of the La 0 8 Ca 0 2 Cr0 3 tight ceramics film, an effect of the 
grain size was investigated. 

30 (Gas permeation flux of Lao gCao^CrOs tight ceramics film) 

[041 5] In Fig. 26 and Table 20, the relationship between the average grain size and the gas permeation flux of Pow- 
der B is shown. 



35 

Table 20 



Relationship between average grain size and gas 
permeation flux of Powder B 


Average grain size (jim) 


Example 19 Gas perme- 
ation flux Q1 1 (m • hr" 
1 -atm" 1 ) 


0.05 


0.03 


0.1 


0.00004 


0.2 


0.0001 


0.5 


0.0001 


1.0 


0.003 


1.5 


0.05 


2.0 


0.65 


3.0 


: ' ; 3.75 ' 



55 

[0416] When the average grain size is within the range of 0.1 to 1 jim, the gas permeation flux value "is smaller than 
0.01 so that it can ensure tightness when it is used as an interconnector of SOFC. However, if the average grain size is 
less than 0.1 pirn or larger than 1 urn, the gas permeation flux value exceeds 0.0*1 so that it is found that it is difficult to 
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ensure tightness as an interconnected of SOFC. 



Example 20 Preparation of SOFC cell and investigation of power generation performance 
Structure of the SOFC cell is specifically explained. 

[0417] Fig. 27 is a sectional view showing a structure of a cell of a cylindrical cell type solid electrolyte type fuel cell 
according to the embodiment of the present invention. Fig. 27A is a lengthwise sectional view of whole shape, and Fig. 
2 73 is a lateral sectional view showing B-B section of Fig. 27 A, 

[0418] A cell assembly body 101. of Fig. 27 comprises a -cylindrical cell 103 and an air introducing tube 5. The cylin- 
to dncai cell 1 03 is a ceramic tube having a bottom in which the upper end of which is open and the bottom end thereof is 
sealed, and the sectional view of which is a laminated structure. The air introducing tube 105 is a ceramic tube (for 
example, a material made of YSZ which has substantially the same linear expansion coefficient with the tubular cell 103 
or a material made of Ai 2 0 3 exceiient in thermal impact strength) having a simple sectional structure. The air introduc- 
ing tube 105 is inserted into inner bore of the cylindrical cell 103 from a cell opening end 121, and the top end of the air 
k- introducing tube 105 is reached near to the bottom of the cell inner bore. A gap between the bottom of the cell 103 and 
o Dottom end 125 of the air introducing tube 105 is, as an example, 10 mm. From the bottom end 125 of the air intro- 
ducing tube 105, air (an oxidizing agent) is supplied into the cell 103 as mentioned above. Further, air is electrochemi- 
caiiy reacted, while rising up, with a fuel gas existing at the outside of the cell 1 03 to carry out power generation. 
[0419] Th* sectional structure of the cell 103 is explained by referring to Fig. 27B. The cell 103 has a laminated 
;v» structure of several layers (films). First, an air electrode 1 1 1 exists at the innermost side in a ring state. This air electrode 
1 i 1 aisr has a rale of strengthening member (supporting member) which supports the cell. The air electrode 1 1T is a 
porous material of strontium-doped lanthanum manganite (LSM). The air electrode 11 1 becomes a cathode when air 
is passed therethrough. 

(0420) Next, a solid electrolyte film 1 1 3 is present on the surface of the air electrode 11 1 : In the solid electrolyte film 
1 13. there is a partially discontinued portion (the portions of the. interconnectors 1 17 and 11.8) at the left side of the 
drawing The solid electrolyte film 1 13 is a tight film of yttria-stabilized zirconia (YSZ). Through the solid electrolyte film 
113. an O y ton passes, and it has a role of a shielding film so that the air in the cell 103 and a fuel gas outside the cell 
103 are not directty contacted with each other. 

(0421] Next, a fuel electrode 115 exists at the outside the solid electrolyte film 1 13 in a substantially ring state. In 
30 the fuel electrode 1 1 5, there is a partially discontinued portion (the portions of the interconnectors 1 1 7 and 1 1 8) at the 
left s»de of me drawing. The fuel electrode 1 15 is a porous film of Ni-YSZ cermets. When a fuel gas passes through the 
fuel electrode 1 1 5, it becomes an anode. 

[0422] The interconnectors 1 1 7 and 1 1 8 (left side of Fig. 27A and Fig. 27B) are films extending to an axis direction 
of the cell 103 with a band shape on the air electrode 111. The interconnector 1 1 7 is a calcium-doped lanthanum chr- 
35 omite ftlm and the interconnector 1 18 is a nickel oxide film and each is a tight film. These interconnectors 1 1 7 and 118 
are conducted with the air electrode whereby they have a role of exposing the conducting portion with the air electrode 
to the outside surface of the cell 1 03 and a role of shielding the outside and inside of the cell 1 03. These interconnectors 
1 1 7 and 1 18 are not contacted with the fuel electrode 1 1 5 to avoid conduction therewith. 

[0423] An intermediate layer 116 of the air electrode and the interconnector existing between the interconnector 
40 117 and the air electrode 111 is a layer provided to control diffusion of a sintering aid into the air electrode at sintering 
of the interconnector film, and it is preferably provided^ 

[0424] On the interconnector 1 1 8, a collecting material 1 1 9 made of Ni felt is provided. On the other surface of the 
collecting" material 11 9, a fuel electrode surface 115' of the left side cell 103' is contacted therewith. 
[0425] Next, power generation performance test results using test cells are explained. 
45 [0426] Test ceils were formed by the following conditions. 

(Cell specification) 

[0427] ! ; 

Type: air electrode self-supporting type, cell outer diameter:'.1.3 mm, cell length: 200 mm 

Air electrode: material: La 0 75 Sr 0 .25MnO 3 ,' outer "diameter: 13' mm, thickness: 1.5 mm, conductivity: 100 S*cm"\ 
porosity: 35%, extrusion -> sintering - — ' 

Solid electrolyte film: material: 8 mol%.Yo0 3 -stabilized Zr02, thickness: 20 ]um, slurry coat -> sintering . 

Interconnector: ; . , :.,:<■■, - ••. .'.;v. .. •■ • • • - - t. • . - : 
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Example 21 Material: La 0 8 Cao 2 Cr0 3 (thickness: 40 u,m, slurry coat -> sintering) NiO (thickness: 20 ujti, slurry coat 
-> sintering) 

[0428] This example is to form a lanthanum chromite film at an oxidative atmosphere side and sinter, and -to form a 
5 nickel oxide film at a reductive atmosphere side and sinter. When a lanthanum chromite film is formed at an oxidative 
atmosphere side and a nickel oxide film is formed at a reductive atmosphere side and subjecting to co-sintering, it is 
considered that materials are La 08 Ca 0 2 Cr0 3 and NiO, a thickness is 60 ujti, conductivity is 40 S •cm* 1 , and slurry coat 
-> sintering, etc. 

w Comparative example 3 Material: La 0 8 Ca 0 2 Cr0 3 , thickness: 40 jwn, conductivity: 30 S - cm* 1 , slurry coat -> sinter- 

ing 

Comparative example 4 Material: La 0 8 Ca 0 2 Cr0 3 and Ni, thickness: 45 um (Lao 8 Ca 0 2 CrO 3 film: 4n H-nn, slurry coat 
method, Ni film: 5 ujti, electroless plating method), conductivity: 40 S*cm" 1 

75 . ' 

* Fuel electrode: Material: YSZ • Ni cermet, thickness: 60 |nm, conductivity: 1400 S •cm* 1 , porosity: 40%, slurry coat 
-> sintering 

(Formation process) 

20 - 

•Air electrode (supporting material): - : ■ 1 

[0429] To the above-mentioned LSM powder were added an organic binder, glycerin and water and the mixture was 
kneaded. Next, this compound.was formed by extrusion. Thereafter, drying and degreasing were carried out, subse- 
25 quently sintering was carried out at 1350 to 1500°C for 10 hours. 

»lriterconnector film formation: 

Example 21 

30 ' 

[0430] A Lao 8 Cao 2 Mn0 3 film was formed at the interconnector film formed portion on the above-mentioned air 
electrode and sintered, then, a Lao .8 Ca o .2 Cr °3 fi,rn was formed by the slurry coating method and sintered at 1400°C 
for 1 0 hours. A NiO film was formed thereon by the slurry coating method, and sintered at 1 400°C for 1 0 hours. 
[0431] When a lanthanum chromite film was formed at the oxidative atmosphere side and a nickel oxide film was 
35 formed at the reductive atmosphere side, and co-sintering is to be carried out, it can be considered a method that a 
La 0 .3Ca 02 MnO 3 fiim is formed at the interconnector formed portion on the above-mentioned air electrode and sintered, 
then, a Lao 8 Cao. 2 Cr0 3 film is formed by the slurry coating method and a NiO film is formed thereon by the slurry coat- 
ing method, and sintered at 1400°C for 10 hours and the like. 

40 Comparative example 3 

[0432] A Lao 8 Cao 2 Mn0 3 film was formed at the interconnector formed portion on the above-mentioned air elec- 
trode and sintered, then, a La 0 .8Cao.2 Cr °3 f |lm was formed by the slurry coating method, and sintered at 1400°C for 1 0 
hours 

45 

Comparative exampie 4 

[0433] A Lao 8 Ca 0 2 MriO 3 film- was formed at the interconnector formed portion on the above-mentioned air elec- 
trode and sintered, then ) a La 0 8 Ca 0 2 CrO 3 film was formed by the slurry coating method, and a metal nickel layer was 
so formed by the electroless plating method. (Hereinafter referred to as metallization) 

'Formation of solid' electrolyte film: ' * ' ■ ' ^ ' - . ' : 



[0434]. The above-mentioned YSZ was formed on the above-mentioned background layer by slurry coating and sin-" 
55 tering to form a film. 
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•Formation of fuel cell electrode film: 

[0435] The above-mentioned Ni-YSZ cermets were coated on the above-mentioned solid electrolyte layer by the 
slurry coating and sintering to form a film. Incidentally, the reduction treatment of NiO was carried out under the atmos- 
5 phere of (H 2 +1 1 %H 2 0):N 2 =3:97 at 1 000°C for 3 hours. 

[0436] A collecting material made of Ni felt was contacted onto the interconnector film and was adhered to the inter- 
connector film under the same atmosphere (mentioned below) at the time of operating SOFC. 
[0437] This cell was operated under the following conditions. 

io (Power generating conditions) 

[0438] 

Fuel: (H 2 +11%H 2 0) 
75 ° Oxidizing agent: Air 

Cell temperature: 1000°C 
• Fuel utilization ratio: 85% 

(Test results) 

20 

[0439] Fig. 28 is a graph showing comparison of power generating performance of a SOFC cell of the present 
example formed by forming a La 0 8 Ca 0 2 Cr0 3 film of an interconnector by slurry coating and sintering, then, by forming 
a NiO film by slurry coating and sintering, a SOFC cell of Comparative example 3 in which the interconnector is made 
a Lao.8Cao.2Cr0 3 film and metallization is not carried out, and a SOFC cell of Comparative example 4 in which the inter- 
ns connector is made a metal nickel film and metallization is carried out. The lateral axis represents a surface densrty*of 
current, and the vertical axis represents a surface density of an output. Incidentally, the current density was changed by 
changing the resistance of a outside circuit. 

[0440] As shown in Fig. 28, when metallization had been not carried out as in Comparative example 3, a peak of 
the output density was 0.1 W/cm 2 or so, but in the cases of Examples and Comparative example 2, the output densities 
30 were 0.3 W/cm 2 or so whereby high outputs of about 3-times were shown. The reason can be considered that in Com- 
parative example 3, with increase of current density, a contact resistance at the interface of the interconnector and the 
collecting material is markedly increased and jourl loss at the portion is increased, while in Examples and Comparative 
example 4, the contact resistances are low. 

[0441] As shown in the present example, it is found that even when an interconnector film formed by forming a lan- 
35 thanum chromite film at an oxidative atmosphere side and sintering and a nickel oxide film at a reductive atmosphere 
side and sintering is used, it shows the similar characteristics as those of a metallized interconnector formed by many 
steps with a high cost. 

6. Utilizability in industry 

40 

[0442] According to the present invention, an air electrode, a solid electrolyte film, a fuel cell and an interconnector 
each having optimum characteristics in a solid electrolyte type fuel cell can be provided. 

Claims 

45 

1. A solid electrolyte type fuel cell comprising an air electrode, a solid electrolyte film, a fuel electrode and an inter- 
connector, wherein the air electrode comprises an air electrode supporting tube serving also as a supporting tube, 
and a radial crushing strength of the air electrode supporting tube is 15 MPa or more and a gas permeation coef- 
ficient is 3.5 m 2 ,- hr" 1 * atm" 1 or more. 

50 _ . .. 

2. A conductive ceramics tube in a solid electrolyte type fuel cell which comprises an air electrode, a solid electroiyte 
film, a fuel electrode and an interconnector, the air electrode comprising an air electrode supporting tube serving 
also as a supporting tube, and a radial crushing strength of the air electrode supporting tube is 20 MPa or more 
and a gas permeation coefficient is 3.5 m 2 • hr' 1 • atrrivl or-more. ■ 

55 : ' 

3. A solid electrolyte type fuel cell comprising an air electrode, a solid electrolyte film, a fuel electrode and an inter- 
connector, wherein the air electrode comprises an air electrode supporting tube serving also as a supporting tube, 
and a radial crushing strength of the air electrode supporting tube is 20 MPa or more and a gas permeation coef- 
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ficient is 5.0 m 2 • hr* 1 • atm' 1 or more. ' 

4. The solid electrolyte type fuel cell according to Claim 1, wherein said air electrode supporting tube comprises a 
composition of (Ln^xSr^^aMnO^ wherein 0.14^x^0.26, 0<as0.03, Ln=at least one of La, Ce, Nd, Pr and Sm. 

5 - 

5. The solid electrolyte type fuel cell according to Claim 2 or 3, wherein said air electrode supporting tube comprises 
a composition of (Ln 1 _ x Sr x ) 1 _ a Mn0 3 , wherein 0.16^x^0.21 , 0<a^0.03, Ln=at least one of La, Ce, Nd, Pr and Sm. 

6. The solid electrolyte type fuel cell according to Claim 1 , wherein said air electrode supporting tube comprises a 
io composition of (Ln 1 . x Ca x ) Va Mn0 3 , wherein 0.20^x^0.35, 0<a^0.03, Ln=at least one of La, Ce, Nd, Pr and Sm. 

7. The solid electrolyte type fuel cell according to Claim 2 or 3, wherein said air electrode supporting tube comprises 
a composition of ^n^Ca^'aWnC^, wherein 0.25^x^0.30, 0<a^0.03, Ln=at least one of La, Ce, Nd, Pr and Sm. 

/r. 8. A method of, producing a solid electrolyte type fuel cell comprising an air electrode, a solid electrolyte film, a fuel 
cicctrodc and an interconnector, wherein said air electrode comprises an air electrode supporting tube serving also 
az a supporting tube, said air electrode supporting tube comprising a composition of (Ln^ySryJ^aMnO^ wherein 
0 i6:.x-0 21 . 0<ass0.03, Ln=at least one of La, Ce", Ndj Pr and Sm, or comprising a composition of (Ln^xCa^^ 
„MnO :i . wrerem 0.25^x^0.30, 0<a^0.03, Ln=at least one "of La, Ce, Nd, Pr and Sm, and the process contains the 

po steps o* preparing a mixed powder of coarse powder and fine powder by adding, to said ceramics powder (coarse 

pr>wdf»n havirg a grain size distribution oft 0 to 150 |im, ceramics powder (fine powder) with the above composition 
md having a *in* grain size distribution smaller than the above-mentioned coarse powder, and forming said mixed 
powder of coarse powder and fine powder, and sintering. 

25 9. A metnod of producing a solid electrolyte type fuel ceil comprising an air electrode,' a solid electrolyte film, a fuel 
ectrode and an interconnector, wherein said air electrode comprises an air electrode supporting tube serving also 
as a supporting tube, said air electrode supporting tube comprising a composition of (Ln^xSr^^aMnO^ wherein 
0 16-X-0.21 . 0<as0,03, Ln=at least one of La, Ce, Nd, Pr and Sm, or comprising a composition of (Ln^Cax)-). 
a Mn0 3 . wherein 0.25^x^0.30, 0<a^0.03, Ln=at least one of La, Ce, Nd, Pr and Sm, and the process contains the 

30 steps o' preparing a mixed powder of coarse powder and fine powder by adding, to said ceramics powder (coarse 

powden having a grain size distribution of 1 0 to 200 jim, ceramics powder (fine powder) with the above composition 
and having a fine grain size distribution smaller than the above-mentioned coarse powder, and forming said mixed 
powder of coarse powder and fine powder, and sintering. 

us 10. The method of producing a solid electrolyte type fuel cell according to Claim 4 or 6, wherein a relative density of a 
starting powder for the air electrode supporting tube is 97% or more. 

11. The method of producing a solid electrolyte type fuel cell according to Claim 5 or 7, wherein a relative density, of a 
starting powder for the air electrode supporting tube is 98% or more. 

40 

12. The solid electrolyte type fuel cell according to any one of Claims 4 to 7, wherein an Fe content of the air electrode 
supporting tube is 0.01 wt% to 0.5 wt%. 

13. The solid electrolyte type fuel cell according to anyone of Claims 4 to 7, wherein an Fe content of the air electrode 
45 supporting tube is 0.01 wt% to 0,4 wt%. J - - ■ 

14. The method of producing a solid electrolyte type fuel cell according to any one of Claims 4 to 7, 12 and 13, wherein - 
the method contains a step of sintering a long sintering body in the state in which it is substantially free from tensile 
stress'to the longitudinal direction (lateral sintering step) and a step of sintering the^ohg sintering body in -the state 

so in which it is hanged to the longitudinal direction after lateral sintering (hanging sintering step), wherein a sintering 
ternperature of the lateral sintering step is set at 1'400 0 C or higher and a sintering temperature at the : hanging sin- 
tering step is made higher than that of the lateral sintering step. 

15. The method of producing a solid electrolyte type fuel cell according to Claim 14, wherein b nd of the long sintering" 
55 body,of said air electrode supporting tube is 0.4 mm or less, and roundness is 97% or more.- ""- ' 

ICS. A method'of producing" a solid electrolyte type fuel celi comprising an*air electrode, a solid electrolyte film, a fuel : 
electrode and an interconnector, wherein said solid electrolyte film is .a solid electrolyte material of zirconia (2r0 2 ) 



52 

S*SOt->OlD- <Ef _j-.1t* L778A1 J_> 



EP 1 081 778 A1 



base, ceria (Ce0 2 ) base or the like, and a specific surface area of solid electrolyte powder is 0.2 to 50 m 2 /g. 

17. A method of producing a solid electrolyte type fuel cell comprising an air electrode, a solid electrolyte film, a fuel 
electrode and an interconnector, wherein the solid electrolyte film is a solid electrolyte material of a zirconia (Zr0 2 ) 
5 base, a ceria (Ce0 2 ) base or the like, and solid electrolyte powder is subjected to heat treatment at a temperature 

of 700°C to 1600°C. 

IS. A method of producing a solid electrolyte type fuel cell comprising an air electrode, a solid electrolyte film, a fuel 
electrode and an interconnector, wherein the solid electrolyte film is a solid electrolyte material of a zirconia (Zr0 2 ) 
in base, a ceria (Ce0 2 ) base or the like, and the method contains a step of subjecting solid electrolyte powder to heat 

treatment at a temperature of 700°C or higher, and 

a sLep of grinding the soiid eiectroiyte powder until it became 0.2 m 2 /g or higher in the range of 50 m^/g or less. 

15 19. The method of producing a solid electrolyte type fuel cell according to Claim 18, wherein, as a grinding method of 
said electrolyte powder, grinding is carried out by a ball mill.. 

20. The method of producing a solid electrolyte type fuel cell according to any one of Claims 1 6 to 1 9, the cell compris- 
ing an air electrode, a solid electrolyte film, a fuel electrode and an interconnector, wherein the solid electrolyte film 

20 is a solid electrolyte materia! of a zirconia (2r0 2 ) base, a ceria (Ce0 2 ) base or the like, and contains at least one of 

Y 2 0 3 , Yb 2 0 3> Dy 2 0 3 , Er 2 0 3 , EU2O3, Gd 2 0 3 , Ho 2 0 3 , Lu 2 0 3> Sm 2 0 3 and Tm 2 0 3 element in an amount of 3 to 20 
mol. 

21. The method of producing a solid electrolyte type fuel cell according to any one of Claims 16 to 20, wherein the 
25 method contains a step of preparing a solid electrolyte slurry by using said solid electrolyte- material, and a step^of 

forming a film on the air electrode or the fuel electrode by using the solid electrolyte slurry. 

22. The method of producing a solid electrolyte type fuel cell according to any one of Claims 16 to 21, wherein the 
method contains a step of subjecting the solid electrolyte powder of the zirconia base, the ceria base or the Nketfo 

30 heat treatment at a temperature of 700°C or higher, 

a step of preparing a solid electrolyte slurry by using the solid electrolyte powder by a ball mill for both grinding 
and mixing, and 

a step of forming a film on the air electrode or the fuel electrode by using the solid electrolyte slurry. 
35 v- 

23. The method of producing a solid electrolyte type fuel cell according to any one of Claims 16 to 22, wherein the 
method contains a step of coating a slurry containing mixed powder (LSCM/YSZ) of La(Sr,Ca)Mn0 3 perovskite 
type oxide (LSCM) and yttria doped zirconia (YSZ) on the air electrode substrate to form a film before the step of 
forming a film of the solid electrolyte slurry on an air electrode. 

40 

24. The method of producing a solid electrolyte type fuel cell according to Claim 23, wherein the LSCM/YSZ composite 
film and the solid electrolyte film are co-sintered. 

25. The method of producing a solid electrolyte type fuel cell according to any one of Claims 21 to 24, wherein in the 
•75 method of film-forming the solid electrolyte slurry on the air electrode or on the,fuel electrode by dipping, film-for- 
mation is carried out by separating the air electrode or the fuel electrode from the slurry at a speed of 5000 mm/sec 

or less. ■ ' . .. - 

2tf. The method of producing a solid electrolyte type fuelccell according to any one of Claims. 21 to 25, wherein in the 
50 method of film -forming the electrolyte slurry on the air electrode or on the fuel electrode by dipping, film-formation 
is carried out by separating the air electrode or the fuel electrode from the slurry* at a speed of 500 mm/sec or less. 

■ i • , * * 

27. The method of producing a solid electrolyte type fuel cell according to any one of Claims 2 1 to 26, wherein the film 
formation speed is to pull up the air electrode or the, fuel. electrode provided in the solid. electrolyte slurry. 

55 . _ .. . . ,, ,. .. .. . ... ... .. . . _ 

28, The method of producing a solid electrolyte type fuel cell according to any one of Claims 21 to 26, wherein the film 
formation speed is to exhaust the slurry in a film formation apparatus filled with the solid electrolyte slurry. 
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29. The method of producing a solid electrolyte type fuel cell according to any one of Claims 21 to 28, wherein when 
the dipping is carried out a plural number of times, the upper portion of the air electrode (or the fuel electrode) 
comes to an upper side the same times as the bottom portion of the air electrode or the fuel electrode dose. 

5 30. The method of producing a solid electrolyte type fuel cell according to any one of Claims 21 to 29, wherein when 
the dipping is carried out a plural number of times, and the upper portion and the bottom portion of the air electrode 
or the fuel electrode during the dipping being overturned alternately. 

31. The method of producing a solid electrolyte type fuel cell according to any one of Claims 21 to 30, wherein a vis- 
io cosity of the solid electrolyte slurry is arranged to 1 to 500 cps. . 

32. The method of producing a solid electrolyte type fuel cell according to any one of Claims 21 to 31, wherein, in an 
optional sectional surface of the solid electrolyte film, a ratio of a surface area occupied by the solid electrolyte 
material and a surface area occupied by a space (closed pore and open pore) is greater than 2:1 in which the sur- 

is face ratio occupied by the solid electrolyte material is greater. ., 

33. The method of producing a solid electrolyte type fuel cell according to any one of Claims 21 to 32, wherein a film 
...thickness of the solid electrolyte Jim is 5 to 150 um 

20 34. The method of producing a solid electrolyte type fuel cell according to any one of Claims 21 to 33, wherein a gas 
permeability coefficient of the solid electrolyte film is 1 x 10~ 9 m 3 -s • kg" 1 or less. 

The method of producing a solid electrolyte type fuel cell according to any one of Claims 21 to 34, wherein a sin- 
tering temperature of the solid electrolyte film is set at 1200°C to 1700^C. 

A method of producing a solid electrolyte type fuel cell comprising an air electrode, a solid electrolyte film, a fuel 
electrode and an interconnector, wherein the fuel electrode material comprises nickel type/zirconium base complex 
powder, and the nickel type/zirconium base complex powder is prepared by a step of synthesizing complex powder 
comprising nickel and/or nickel oxide and yttria-doped zirconia (YSZ), and after. making a green compact of the 
powder, a step of subjecting to heat treatment. 

37. The method of producing a solid electrolyte type fuel cell according to Claim 36, wherein said heat treatment is car- 
ried out at a temperature of 1200°C to 1600°C. 

35 33. A method of producing a solid electrolyte type fuel cell, wherein the nickel type/zirconium base complex powder is 
prepared by a step of synthesizing complex powder comprising nickel and/or nickel oxide and yttria-doped zirconia 
(YSZ), a step of subjecting to calcination as a pre-treatment of making the powder a green compact, and a step of 
further subjecting, the green compact to heat treatment. 

40 39. The method of producing a solid electrolyte type fuel cell according to Claim 38, wherein said calcination is carried - 
out under air atmosphere at a temperature of SOQfQto 1200°C, preferably 800°C to 1200°C. 

The method of producing a solid electrolyte type fuel cell according to Claim 38, wherein said calcination is carried 
out under reductive atmosphere at a temperature of 500°C to 1200°C, preferably 800°C to 1200°C. 

The method of producing a solid electrolyte type fuel cell according to any one of Claims 38 to 40, wherein a pres- 
sure of said green cpmpact is 1000 kp^/cmf or more. _ 



The method of producing a solid electrolyte type fuel cell according to any one of Claims 38 to 41, wherein a heat 
treatment of the. green cornpact is carriedout at 600°C to 120Q°C under air atmosphere. > 

The method of producing a solid electrolyte type fuel cell according to any one of Claims 38 to 41, wherein a^heat 
treatment of the green compact is carried out at t 60p°C to : 120p^C under reductive atmosphere. * - 

A method of producing as olid electrolyte .type fuel ceil comprising an air electrode, a solid electrolyte film, a fuel 
electrode and an interconnector, wherein the fuel electrode material comprises nickel base/zirconium base com- 
posite powder, and the nickel base/zirconium base composite powder is a composite powder comprising nickel 
and/or nickel 5 oxide- and, yttria-doped _zirconia ( YSZ) ; an d synthesized by doping. at. least.one of calcium, strontium' 
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and magnesium. 

45. The method of producing a solid electrolyte type fuel cell according to Claim 44, wherein the powder is synthesized 
by doping 50 mot% or less of at least one of calcium, strontium and magnesium to the zirconium element. 

5 

46. The method of producing a solid electrolyte type fuel cell according to Claim 44, wherein the powder is synthesized 
by doping 30 mol% or less of at least one of calcium, strontium and magnesium to the zirconium element. 

47. A method of producing a solid electrolyte type fuel cell comprising an air electrode, a solid electrolyte film, a fuel 
w electrode and an interconnector, wherein the fuel electrode material comprises nickel base/zirconium base com- 
posite powder, and the nickel base/zirconium base composite nnwder is a composite powder comprising nicks! 
and/or nickel oxide and yttria-doped zirconia (YSZ), and synthesized by doping at least one of cobalt, aluminum, 
titanium and magnesium to nickel and/or nickel oxide. 

i5 48. The method of producing a solid electrolyte type fuel cell according to Claim 47, wherein the powder is synthesized 
by doping 50 mol% or less of at least one of cobalt, aluminum, titanium and magnesium to the nickel and/or nickel 
oxide. 

49. The method of producing a solid electrolyte type fuel cell according to Claim 47, wherein the powder is synthesized 
20 by doping 30 mol% or less of at least one of cobalt, aluminum, titanium and magnesium to the nickel and/or nickel 

oxide. 

50. A method of producing a solid electrolyte type fuel cell comprising an air electrode, a solid electrolyte film, a fuel 
electrode and an interconnector, wherein the fuel electrode material comprises nickel base/zirconium base com- ' 

25 posite powder, and the nickel base/zirconium base composite powder is a nickel base/zirconium base composite 

powder comprising a nickel element, a zirconium element and a yttrium element with a preferred ratio, and thefee 
respective composite powders having different grain sizes are mixed. 

51. The method of producing a solid electrolyte type fuel cell according to Claim 50, wherein a mixing ratio of the com- 
30 posite powder is made such that the powder having a smaller grain size (hereinafter fine powder) relative to the 

powder having a larger grain size (hereinafter coarse powder) is greater than 0 wt% and less than 30 wt%. 

■***" * * 

52. The method of producing a solid electrolyte type fuel cell according to Claim 50, wherein a mixing ratio of the com- 
posite powder is made such that the powder having a smaller grain size (hereinafter fine powder) relative to the 

35 powder having a larger grain size (hereinafter coarse powder) is greater than 0 wt% and less than 10 wt%. ^ 

53. The method of producing a solid electrolyte type fuel cell according to Claim 50, wherein a grain size ratio of the 
mixed powder is made 1/2 or less. J 

40 54. The method of producing a solid electrolyte type fuel cell according to any one of Claims 36, 38, 44, 47 and 50, 
wherein the starting materials of the powder is a water-soluble metal salt of a nitrate, sulfate, carbonate or chloride 
and synthesized by a co precipitation method. 

55. The method of producing a solid electrolyte type fuei cell according to any one of Claims 44, 47 and 50, wherein 
<ts the heat treatment is carried out under air atmosphere at a temperature of 600°C to 1 600°C. 

56. The method of producing a solid electrolyte type fuel cell according to any one of Claims-44, 47 and 50, wherein 
the heat treatment is carried out under reductive atmosphere at a temperature of 600°C to 1400°C. 

so 57. The method of producing a solid electrolyte type fuel cell according to any one of Claims 36. 38, 44, 47 and 50, • 
wherein the nickel base/zirconium base composite powder is made a grain size distribution of 0.2 nm to 50 u.m. 

58. The method of producing a solid electrolyte type fuel-cell comprising ah air electrode, a solid electrolyte film, a fuel' 
electrode and an interconnector according to any one of Claims 36 to 57, wherein a film of the nickel base/zirconia 

55 base composite powder obtained by the above methods' is formed on the solid electrolyte film by a slurry coating-' 

method. - ; 

59. The method of producing a solid electrolyte type fuel'cell according tb ! 'Claim 58, wherein the formed film material :< 
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using the nickel type/zirconia type composite powder is sintered under air atmosphere at 1 1 00°C to 1 500°C. 

SO. The method of producing a solid electrolyte type fuel cell according to Claim 58, wherein the formed film material 
using the nickel base/zirconia base composite powder is sintered under reductive atmosphere at 1100°C to 
5 1400°C. 

61 . The method of producing a solid electrolyte type fuel cell according to any one of Claims 59 and 60, wherein a tem- 
perature raising speed in the sintering is 300°C/hr or less. 

io 62. The method of producing a solid electrolyte type fuel cell according to Claim 60, wherein a fuel electrode side of 
the solid electrolyte film is made reductive atmosphere and a side including the air electrode of the solid electrolyte 
film is made oxidative atmosphere during the sintering under the reductive atmosphere. - 

63. A solid electrolyte type fuel cell comprising an air electrode, a solid electrolyte film, a fuel electrode and an inter- 
ns connector, wherein a ceramics layer, which is tight in a certain degree, is provided on the air electrode and an inter- 
connector film which is a tight ceramics film is provided thereon. 

64. The solid electrolyte type fuel cell according to Claim 63, wherein a gas permeation flux Q of the ceramics layer, 
which is tight in a certain degree (hereinafter referred to as a ceramics intermediate layer), is 

20 Q=s50 (m • hr' 1 • atm - 1 ) . * " . 

65. The solid electrolyte type fuel cell according to any one of Claims 63 and 64, wherein the composition of the ceram- 
ics intermediate layer is (La r _ x Mx)YMnG 3 (0<X^0.4, 0.9<Y=s1, M=Ca or Sr). 

25 66. A method of producing a solid electrolyte type fuel cell comprising an air electrode, a solid electrolyte film, a fuel 
electrode and an interconnector, which comprises a step of forming a ceramics intermediate layer on the air elec- 
trode, a step of subjecting the ceramics intermediate layer to surface roughening treatment and a step of forming 
an interconnector film which is a tight ceramics film on the surface subjected to surface roughening treatment. 

30 67. The method of producing a solid electrolyte type fuel cell according to Claim 66, wherein the method of subjecting 
the ceramics intermediate layer to surface roughening treatment satisfies 0.01 ^(t1 -t2)/t1 sO.2 , when a thickness 
of the ceramics intermediate layer before subjecting to surface roughening treatment is represented by t1 (pirn) and 
a film thickness after the surface roughening treatment is represented by t2 (urn). 

35 68. A method of producing a solid electrolyte type fuel cell comprising an air electrode, a solid electrolyte film, a fuel 
electrode and an interconnector, which comprises a step of forming a ceramics intermediate layer on the air elec- 
trode, and a step of forming an interconnector film which is a tight ceramics film on the ceramics intermediate layer, 
said film forming of the interconnector film being carried out by dipping and drying in the state of giving a differential 
pressure between the film forming surface and the surface of the opposite side (an opposite film forming surface) 

40 (hereinafter referred to a pressure difference film-forming method), and further sintering. 

59, The method of producing a solid electrolyte type fuel cell according to Claim 68, wherein the differential pressure 
in the pressure difference film-forming method is 1 atm^AP^20 atm. 

45 70. A method of producing a solid electrolyte type fuel cell comprising an air electrode, a solid electrolyte film, a fuel 
electrode and an interconnector, which comprises a step of forming a ceramics intermediate layer on the air elec- 
trode, and a step of forming an interconnector film which is a tight ceramics film on the ceramics intermediate layer, 
wherein the interconnector film is formed by a slurry containing powder having a low sintering property and a slurry 
containing powder having a high sintering property, and sintered. 

50 

71. The method of producing a solid electrolyte type fuel cell according to Claim 70, wherein, in the powder having a 
low sintering property, a calcination temperature of the powder is 1 000 to 1 400°C. 

72. The method of producing a solid electrolyte type fuel cell according to any one of Claims 70 and 71 , wherein, in the 
53 powder having a low sintering property, an average grain size of the powder is 0.1 to 2 urn. 

73. The method of producing a solid electrolyte type fuel cell according to any one of Claims 70 to 72, wherein, in the 
powder having a high sintering property, a calcination temperature of the powder is 8C0 to 1 100°C. 
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74. The method of producing a solid electrolyte type fuel cell according to any one of Claims 70 to 73, wherein, in the 
powder having 3 high sintering property, an average grain size of the powder is 0.1 to 1 jum. 

75. A method of producing a solid electrolyte type fuel cell which comprises forming a ceramics intermediate layer on 
5 an air electrode by using two kinds of slurries, one of which containing a film substance having a relatively large 

grain size (coarse powder slurry) and another containing a film substance having a relatively small grain size (fine 
powder slurry) on the film-forming surface and via a step of sintering to form a film. 

76. The method of producing a solid. electrolyte type fuel cell according to Claim 75, wherein, when the coarse powder 
io composition of the ceramics intermediate layer on the air electrode is represented by (La-i.xi M xi)Yi Mn °3 and tne 

fine powder of the same is represented by (La 1 _x2Mx2)Y2 Mn °3' they are in the range of 0<X1 ^X2^0.4, 0.9^Y1 ;§1 , 
0.9sY2^1 and M=Ca or Sr. : 

77. The method of producing a solid electrolyte type fuel cell according to Claim 75 or 76, wherein, when the calcination 
15 temperature of the coarse powder to be used in the ceramics intermediate layer on the air electrode isT1 and the 

calcination temperature of the fine powder of the same is T2, it is to be T1 ^T2. 

78. The method of producing a solid electrolyte type fuel cell according to any one of Claims 75 to 77, wherein, when 
an amount of the coarse powder to be used in the coarse powder slurry of the ceramics intermediate layer is made 

20 A g, and an amount of the fine powder of the same is made B g, the ratio of the amount of the coarse powder and 

that of the fine powder is 0.1 sB/(A+B)s0.5 . 

79. The method of producing a solid electrolyte type fuel cell according to any one of Claims 63 to 78, wherein the inter- 
connector film is formed by providing a lanthanum chromite film at the oxidative atmosphere side, providing a nickel 

25 oxide film at the- reductive atmosphere side, and sintering. : y . 

80. The method of producing a solid electrolyte type fuel cell according to any one of Claims 63 to 79, wherein the inter- 
connector film is formed by providing a lanthanum chromite film at the oxidative atmosphere side, providing a nickel 
oxide film at the reductive atmosphere side, and co-sintering. 

30 ■ - • • . 

81 . The method of producing a solid electrolyte type fuel cell according to any one of Claims 63 to 79, wherein the inter- 
connector film is formed by providing a lanthanum chromite fijm at the oxidative atmosphere side and sintering, and 
providing a nickel oxide film at the reductive atmosphere side and sintering. - i 

35 82. The method of producing a solid electrolyte type fuel cell according to any one of Claims 63 to 80, wherein a sin- 
tering temperature of the interconnector film is 1300 to 1550°G. ^ 

83. The method of producing a solid electrolyte type fuel cell according to any one of Claims 63 to 79 and 81 . wherein 
respective sintering temperatures of the lanthanum chromite film and nickel oxide film are 1300 to 1550°C. 

40 

84. The method of producing a solid electrolyte type fuel cell according to any one of Claims 63 to 83, wherein an aver- 
age grain size of the nickel oxide powder to be used in the nickel oxide film is 0.1 to 20 \im. 
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